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Section 6
" HEMATOLOGY

Prepared by George V. LeRoy, Lt, Col,, MG
Data Collected by George V, LeRoy, Lt, Col,, MC, Averill A, Liebow, Lt,

Col,, MC, Samuel Berg, Major, MC, and the Laboratory Technicians of the
Joint Commission Teams in Hiroshimn and Nagasaki

A, Studies on the Circuléting Blood.

Ofvthe portions of the body tﬁat are accessible for examination, cifcu—
lating blood is the oné vhich is affected the earliest and the most profound-
1y by large amounts of ionizingAradiation. It>is, therefore, a sensitive and
easily studied gauge not only of'the severity of the effects of radiation but

also of the character and degree of recovery, The principél handieczp to an

adequate presentation of the changes in the blood of Japanese injured by the

atomic bomb is the fragmentary charccter of the data, Thus, although many
counts are available;'the najority are single counts on individuwals, It is
true .. that these were performed on'all types of patients at every possible in-
terval of time after the bombing but the fact remains that therec were compar-
atively few serial blood counts on patients whose only injury wos by gamma 
rays, Great as ihis hahdiéap appears to be, it is minimized by the fact that
very larze numbers of ﬁatientS‘ﬁere studied so that it is legitimate to treat
the average blood counts of certain groups of patients that were made at vary-
ing periods of time, The fact ﬁhat\the average count in, say, the fourth week,
was made on one:seriés of;Sﬁbjects)and'the average count for thé f£ifth weck
on another should>n6£ befcoﬁsidéred'a detri@ént;_ There weré mgpy patients
similarly expose@ and.the'eﬁpiqyﬁeht‘of groub averhgé; ééems.a‘legitimate

neasure, So far as:possible, the attempt will bénéadé_to deal with groups

sxposed to approximately similar quantitics of radiation. This is not too

' important,"hdwevef,‘becausé 6£@the wéll—fecognizedfindividual variability.

Accerdingly,-theygédgraljéﬁdéavor will be to discuss together putieﬁts who

presented similar syndromes and thus allow inequalities in exposure to be

~ neutralized so to speak, by inequalities in radio-sensitivity,
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The material in this section will deal with the broad features of
‘changes ih the blood of persons exposed to gamﬁa rays of the atomic tomb,
It wili deal mainly with doﬁntsvand with the general pattern of the re-
sponse as it was observed with the passage of timé, The intricaﬁe inter-

relation and correlation of the blood picture with the symptomatology end

- with the factors of exposure (i,e,, distance from the bomb) and protection

(i,e., the sort of material intervening between the subject and the borb)
will be described in detail in the statistical section and in general in the
clinical scetion, The effect of the gamma radiation on the morphology of

the'fcrmed elenents of the blood will be discussed here as will certain ob-

servations on the changes in the mechanism of coagulation of the blood,

Necessarily, much of the date for this section has been obtained from
Japanese sources since the major changes in the Hlood picture had run their

ecqurse by the time thé Joint Cormission arrived, In the employment-of the

" Jopanese material care has been taken to select data from organizations whose

personnel were known by the American doctors ond whose reliability was rccog-
niéed, It is desirable at this point to acknowiedge the work of thesc people,
much of which was performed under unbelieVably arduous circumst%ﬁces It |
would have been impossible to present a  well-rounded rlcturn of the changes

in the clrculatlna blood w1thout the laboratory daua thCh was supplied by

the. Japanose hy31clans. | '

On tha basis of rovérts thut have appeurex n tne medlcal llteruturo »
since Helneke of LulDZlg 1n 1903 (l) f'1*~s1: aeocrlbcd tne actlon of Roenbgon.
rays on the blooo ard blood—formlng organs 1t was DOSSlblu to ant101pate the
character of the changes in the ci rculetlng blood of the Jﬁpanese pati enta.

The maJor$tyvof the,sc1ent1¢1c artlcles descrlbe the effects of various kinds
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of ionizing radiation on laboratoryvanimals. A recent review of the ef-
fect of radiation on normal tissues by Dunlaﬁ and Warren (2) l9h2.contains
several statements which may help to orient the reader with respect to the
data which is tesbenprdsented:

"When proper corrections for absorption are made, there is no convincing

evidence at hand of qualitative or quantitative differences in the biologic

effect of similar doses delivered at wavelengths within the range of soft

and hard Roentgen rays, gamma rays, and the alpha and beta particles of ra-

diun."

(1) Heineke, H. "Ueber die Einwirking der Rgntgen Strahlen auf Tiere"
Minch. Medz. Woch. 50: 2099-2092, Dec, 1, 1903.

‘Idem., "Ueber die Einwirking der Rgntgenstrahlen auf innere organ"

ibid 51: 785-786, May 3, 190L.

Idem., "Experimentelle untersuchungen uber die Einwirking der
PBntgnnstrahlen auf des Knockenmark, nebst e1n1ngen Bemerkungen uber

die ncntgcﬁqneraple der Leukamie und Pseudoleukamie und des Sarcomas.,
. Deutsch Zeits. f. Chir. 78: 196-229, 1905.

Idem., "Experlmentelle untersuchungen uber die Einwirking der
Rontgenstr:n¢en auf innere organ. Mitteilungen an der Grenz, der Medz.

u. Chir. XIV, Bd 1, u 2, 190k,

(2) Warren, S., Dunlap, C. E., "Effect of Radiation on Normal Tissues,” III
BErfects of Radiation on the ‘Blood and the Hemopoietic Tissues, including
the Spleen, the Thymus and the Lymph Nodes," Arch Path. 34: 562-608,
1942 : : ; ;
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This is an important observation for it permits one to apply the in-
formation derived from the study of patients irradiated with ordinary hard-
Roentgén rays to the intérpretatidn of the'effeCtS'caused by'the extremely
hard gamma rays eﬁitted‘by the atomic bomb, Furthermore, since there is
8t111 not too much infdrmatiﬁn available on the effect of ﬁhole body Roentgen
irradiation, the Japanése data may be applied vice versa. This last cbser?a-
tion is supported by'énother statement from the revieﬁ:

"Few concige data on the hazard of blood damage as an undesirable side
effect of radiation therap%ware accessible on the changes in the blood to be
expected even from standardized radiologic pfocedures."

Whole or total body radiation with Roentgen rays of varying voltages has
been practiced increasingly from 1932 and the effect of a single, relatively

small (25-50 r) daily dose is found to be slight. There is no information

available in the literature, however, on the largest single dose of total

body irradiation that can be tolerated by man. Two other quotations, the
first from the Review (2) and the second from a report by Minot and Spurling

(3) will epitomize our current knowledge of the effects of ionizing radiation

.on the circulating blood:

"As a practical generalization, it may be said that sufficient irgadia-
tion of tissues with’either radium or Roentgen rays will cause a reduction in
the numbers of cells of all series in the circulating blood."

4

‘(3) Minot George R., & Spurling, Roy G. "The effect’on the blood of irradiay
~tion, especially short. quelength Roentgen ray therapy.” Am. J. Med. Sci,

168:- 215 2&1 1922+
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"The greater the dose; the more profound is the blood_damage, the more
rapidly iéldevelops and the more slowl&'it is fepaired. Thé blood response
remains quite consisteﬁt éualitatiﬁély over a wide range of dosages although
massive exposures may obseure some of the early changes and small doses scme-

times fail to evoke the complete response,"

It should be added at this psint that the type of ionizing irradiation, the

"effects of which are described in the last two quotations, was hard Roentgon

rays of an intensity of approximately 200 kilovolts, '

With this background we may proceed tq.a consideration of, first, the
changes in the circulating blood,anﬂ, second, the changes in the pénc marroy
of the Japanese sxposed to the gamma radiation of the atomic bomb, FPresento-
tion of the data will be simplified by discussing cach of thevaffected elements
of the circulating blood separately,

The clinical material on which this section is based has been selectod
from the lafge arount of data'coliected by the Joint Commission, ‘The dete
have been chosen to previde the clearest pictu:e‘of the changes in the peri-
pheral blood consequent to gemma radiation of.thelwhole body. The patients
whose blood pictures will be deséribed were of two zeneral sorts:

(o). Patients»with‘fréﬁkjpliﬁicdi eﬁidencé of‘the,syndrome of radiation
sickness. All théSe casés)wers studied by‘the'Japanése and the data which

arec cited were collected'bj,%hem and preseﬁted ~to the Jbiﬁt Cormission in

- the form of special reportsAby the individual groups of workers,

(b)  Swrvivors, clinical data on whom were obtained in questionnaire

form and submitted to- anainis_by the Joint Commission.- A1l of the roports

of the blood’examinations performed' on- the members of this group prior to

1 Qctober were provided by the Japanese physicians, but examinations subsequent
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to that time were conducted under the auspices of the Joint Commission. All

‘the data from the‘questionnaires obtained from the surtivor group were record-

ed in IBM cards, and are described in detail in the statistical section of the
report. For the purposes of discussion in this section, one specially selece
ted group has been used frequently, namely, eubjects who were outdoors, un-
shielded, or indoors;/inside a Japanese type'buildiﬁg, and located within

1500 meters of the center of the eiplosion.v This pertieular category hes
been chosen for discussion because there appears to be little question that
the majority of the members of it received considerable amounts of gamma ra-
diation from the explosidn of the atomic bomb. In general, the effect of |
shielding and individusl veriations in radio-~sensitivity will he over-looked
in thiS‘section, The diseussion will be goncerned primarily with the blood

picture in the various clinical stages of the syndrome of radiation injury.

"It is convenient to div:de this syndrome into 4 types, the characteristics

of which are shown in Table 1. Most of the patients of the first type died
during a period when‘the hospitals and doctors were over-burdened and there
are few data availabie»on them. The majority of the patients studied by the
Japanese during the lattef half of Atgust,and the first'half of September
would be 1ncluded in the second catebory, whlle the ones who survived and
provided the bulk of the cases for the J01nt Commlselon studles are the- repre-

sentatives of the laetjtwo typgs.‘nThe variouS'elements'of the blood will. be

considered eéparaﬁely}“f"'

‘(1) Erythrocvtes and Hemoplobln

© Thé effect of the radlatlon emltted by the atom;c bomb on- the erythro-

'cytes is compllcated by the obv1ous factors of ]oss of blood due to wounds

and to the hemorrhaglc tendency that developed as well as the familiary

6 (6) | .6




anemia agsociated with any sort of severe infection. Since it was not

possible to collect large numbers of patients in each of the clinical classes

6;; as described in Table 1, who did not have complications of one sort or

"another, it is necessary to treat the patients as a group regardless of

their other injuries., This consideration requires the reader to take a

broad view of the data to be presented.

PR TABIE I
CIASSIFICATION OF CLINICAL TYPES OF THE
=
N SYNDROME OF RADIATION INJURY
- Very Moderately
Severe Severe Severe Mild
Approximate Less than
Mortality - 100% 50% 10% Nil
Time of Death,
Weeks 1st-24 3d-6th  6th-15th -
‘Leukopenia S I LR ; .
‘ ’ + - 4t de 4 +
Q;; Purpura ’
NN L iy £
Epilation - R ) £ -
Ulceration & o : i
Inflammetion of o L “
Mucous membranes
Approximate distance »
frombbomb, meters Less . lQOOﬁ 1600- . More
: : than - - 1500 than
1000 1500

N

4,
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(1) Very Severe Group.

The results of the examination of the blood in G ﬁatlents of this
type from Hiroshima are shown in Table 2 All the patients had recelved
some other injuriés than that due to gamma rays end the extent of these in-
Jjuries is difficult to determine from the record. Because of the familiar
dehydration associated with burns, it is not desirable to attach much sig-
nificance to the red cell counts in these early patieﬁts in whom loss of
fluid from burns and from the commonly associated diarrhea‘éccurred. The
low color index in each case is remarkable and it cannot be explained read-
ily on the basis of existing knowledge of the effect of jionizing radiation
on the erythrocytes.

There are no data extaht from either city oh the reticulocyte count or
the morphology of the red blood cells of the very severe cases. ,Iﬁspection

of the few blood films that are available (H-10645-1, Table 2; H-10619-1,

' Table 2) reveal that the microscopic appearance of the erythrocytes is quite

normal. The same observation has been made by the Japanese physicians.

(2) Severe Group.

Inimmny instagices patients of this type were observed in well es-
tablished clinics and followed over & period of from several days to several
weeks, so that serial blood_gxamination$ are available in some instances; In
thevtabléé that follow t&ﬁical examples arezpreSeﬁted.v (See tables 12 & 13.).
The‘sighificant featﬁie of the change in the réd‘blood cell‘céunts is the
steady rate of decllne Wthh appears to reach minlmum values at about the
same . tlme as ‘the whlte ‘blood cel] cqunt, which in many 1nstances coincided
with the death of ‘the patlent. As indicated in the 013581f10at10n, Table 1,
approximatély 50‘§erfCept of the severe type of patients died.v~In Table 3

1

f
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is listed the distribution of the red cell counts for two groups of Hiro-

shima patients who appeared to have been affected to the same extent by the

gamma radiation.

25 died, and 27 survived.

The degree of anemia is quite

similar in the two groups and there is no clear evidence that this factor

can be useful in prognosis.

‘TABLE 2

VERY SEVERE CASES (HIROSHIMA)*

EXAMINATION OF THE BLOQD¥*

DAY OF DEATH

- OTHER Hb RBC DATE. OF AFTER
CASE WO. INJURIES*** SAHLI % MILLIONS WBC  COUNT BOMBING
H-10614-1 B.W. ) k.10 4oo 12 Augﬁst 9
H-10619-1  B.W. 50 4.20 150 12 9
H-10645-1  B.: . 45 | k.20 koo 12 ¥ 11
H-10615-I  B. -3 2.65 oo 12 8
H-10616-I  B. 43 - 3.28 1% 12 " 8

- B.W. 40 3.75 250 12 " -
H-10625-1 B. Lo 4,13 koo 13 " - 8
H-10635-1  W. | 40 2.82 300 12 " 8

- W. 4o 3.26 300 13 " 9

(A1l the patients were 1n51de the Bankers' Club

the center.

¥This data obtalned from the report:

See Section lH)

Hiroshima, 200 meters from

"Hematologlcal Study on the Atomic Bomb

Disease," by K. Nakao, G. Kobayashi, S. Kato, Y. Yano, and M. Komiya;
Medical Cllnlc (Dr. K. Sassa, Chief); Tokyo Imperlal Uhlver81ty. '

**The blood counts were made by surgeons of Twakuni Naval HOSpltal.—,

***B.:r Burns

w..m Wounds..‘

9 (6)
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TABLE 3
SEVERE CASES (HIROSHIMA)

DISTRIBUTION OF LOWEST RED CELL COUNPS DURING
THE 3rd TO 5th WEEK AFTER BOMBING.

s

Patients Who Died Mil??ﬁgzjhm3 ~ Patients Who Recovered
3  10-20 5
14 | . 21-3.0 12
7 _ 3.1 - k. 7
1 Over 4.1 ;Q
5 Total 27

Color Index.

There is no consistent pattern\of the variation of the color index
which can be recognized in this type of patient. In individual cases, the
index is seen to vary from less than 1.0 to values considerably in excess of
even 1.5 and in the Nakao series of 25 fatal cases, the color index was 1.0
or greater in 17 cases and less than 1.0 in the remainder. The members of
the Joint Commission have suspected that such varlabll ty is better explained
by laboratory deficiencles than by some systematic change in the composition

of the individual erythrocytes.

Price~Jones Curve.j-.

Measurements ‘were mede of the mean dlameter of the erythrocytes in
stained blood fllms obtalned from patlents w1th the severe form of radlatlon
injury. . The number of examples 1s few but the general conflguratlon of the

curve is. approx1mately normal Whlch would suggest that good examples have

'been chosen The values observed for the blood of - patlents obtalned in late
’,August in leoshlma and in early September in Nagasakl are shown ‘in Table L.

'The first group of values (A leoshlma) are signlflcantly different from

10 (6) h 10
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normel in spite of the'small'ﬁuﬁber of subjects included in this group;
and the low standard dev1ation suggests that the sampling was good. The
second group (B. Nagasaki), because of the large standard deviation are

¢
not signiflcantly dlfferent from the controls. Furthermore, the large
standard deviation suggests that this groﬁp was not particularly repre-
sentative. In the case of the_third group (C Nagasaki) no standerd devia~-
tiohs vere supplied by the Japanese who performed the measurements but it
is very unlikelyAthat so small a difference between the means would be sig- '
nificant.' The diffefence between the means of the patients eﬁd the means
of the controls is only 0.1% microns which is smaller than the standard
deviatioﬁs of the most carefully studied group on record. In Price-Jones'(}4)
original monograph, tﬁe standafd deviation for lQO normal subjects was
0.172 micfons., The difference between the means for the normal studied by
the Japanese end the normal for the means studied by the Joint Commission is
to be explained on the basis of the type of micrometer and the technigue
used. In view of all these considerations, it appears that there is little

change in the size of the erythrocytes of patven+s severely injured by the

gamma radiation durlng the first four to six weeks after exposure.

(4) Price-Jones, Cecxl "Red blood cell dlameters , London, Humphrey Milford,

Oxford Uhlver51ty Press, 1933

Y
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TABLE 4
SEVERE CASES

Price-Jones' Curves

cITY Number MEAN DIAMETER OF ERYTHROCYTES
= MICRONS
A) Hiroshima : | 6 7.02 # .312

(Smears made 3-4 weeks
after bombing.)

B) Nagasaki ‘ 10 7.28 + .610

(Smears made b4-5 veeks ‘

after bombing.)
Examinations'qf A) and B) performed by Joint Commiésion. Normal Control
values obtained by same examlner, 7.44 ,301 microms.
c) Nagasakl 28 . 7.87

(Smears made 4-6 weeks ' '

after bombing.)

Examinations of C) performed Ey Japanese'doctoré, of T Medical Clinic,

Kyushu Imperial University. Normal control value obtained by the same

examiners: o 7.73 microns -

Reticulocytes

Only a feﬁ reticulocyte counts were performed in the severe cases. In
the Nakao study there-is'an interesting difference between the distribution
of reticulocyte percentage in the group of patients that dled and in the
group that recovered. In Table 5 it can be seen that in the fntal group
no patient had a retlculocyt081s in excege of 0.4%; while among those who
survived, one-half nad values hlgher than that. The total number of
subjects lS unfortunately small but the flndlngs are consistent: and are

in agreement with. other reports. “The datarsuggest that reticulocytes may’

12 (6) o 12
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films obtained during the course of the illness in severe cases appears

/

be equally as sensitive an indicator of the extent of damage to the bone
marrow as the leukocytes or the piatelets.
TABLE 5

e c—

SEVERE CASES (HTIROSHIMA)

RETICULOCYTE COUNTS 3-4 WEEKS AFTER BOMES,

Patients Who Died Per Cent Patients Who Survived

O-Ocl"

9

o ‘ 0.5 = 0.9
0 1,0 - 2,0
o

LS R

Over ‘2.0

9 Total ' 13

This finding of a low level of reticulocyfosis in patients agrees wecll with
the observations in animals irradiateé experimentally in which a prompt and
peréistent decrease in the percentage of reticulocytes is characteristic,
during the period of severaljweeks after oxposure,

The morphology of the red blood cells as observed in stained blood

essentially normal, vThere is no cqupicuous degree of poikilccytosis Lut

there does appear to be more than the usual variability’in the size of the
erythrocytes, In some of the bloodvfilms from patients severely affocted by
the gemma rays, nucleated fed cells’wéye-seen deing the acﬁte rhase of the
illness, They were.not_foqna inﬁevery-casé,'épparently; and when they occurred
they were seen in sﬁall numbefé, séldom mo#é ﬁhan 2;4 per 100 whige‘blood
cells, Those that wefe,séen had an’ésseﬁtially normai appedrance.

(3) Mbdérately'Severe-andeild Cases.v

The majority of these classes of patients survived and considerably

13 (6) ) 13
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more data are available on the pattern of the veriatiens in their blood
pictures. In these patients; as in the preceding’groups, the characteris-
tics ef the response of the circulating blood was complicated by blood loss
and the co-existence of severe infection. In this group, however, it is
possible to observe such changes as may eccur in.the blood nicture during the
period of recovery.

Brythrocytes and Hemoglogin.

The case records selected by the Joint Commission and studied statistically
were to a large extent of patients with the moderately severe and mild type of
injury by gamma radiation. Changes in the blood picture of the group vwho sur-

vived are shown for each city in Table 6. The patients whose blood examina-

: tlons are recorded were all located within anpro :imately 1500 meters of the

center. They were either outdoors, unshielded, or indoors, inside Japancse-
type wooden buildings. It has been shown in the statistical study that sub-

Jects so sibuated were most affected by the bomb. This group contains the

-records only of patients who displayed symptoms to support a. diagnosis of

the syndrome of radiation injury. In the statistical study, no attempt was
made to subdivide the clinical material on a basis comnarable to the classifi-
cation given in Table l Accordingly; it is inevitable that this group which
we are taklng as renresentatlve of the moderately severe, or mild type of the
syndrome of radlatlon, w111 contaln a certaln number of patlents of the "Severe"
type who came under oboervatlon durlng thelr convalescence.r - The nunber of

these whose blood counts are presented in thls sectlon is probably small, for

R two reasons., Flrst, 1n the tables of average blood counts (see table 6) -

only the first blood examlnatlon 1s used Since many of the severe cases had

'Afrequent blood counts, thls type of patlent w1ll contrlbute only to the early

14 (6) : - 14




y 2

*)

weeks of the tabulation, Second, the group of Subjects whose blood counts
were used had aAsma;l incidenée of high fever{. Qnéffifth of those from Hiro-
shima and one-tenth froﬁ'Nagasaki, respectively?'héd expgrienced fever in ex-
cess of 39°C. In general; nearly every one of the severe cases had high fe-
ver, sc that the low total incidence of this éymptom Suggesfs that the severe
casés were in the minority. | | |

Upon inspection of Table 6, it is seen that the.lowest values for hemo-
globin and red blood cells occurred in the 6th and 7th week after the bombing.
It is also seen that the average blood éount has not returned to normal by
the twelfth week. In Table T, data collected from fhe clinics of the Kyushu'
University from patients who were exposed to the atomic bomb in each city are
analyzed together and diéplay the same sort.of trend as is shown in the pre-
ceding table. .

TABLE 6
MODERATELY SEVERE AND MILD CASES

EXAMINATION OF THE B1OCD
Mean Values for RBC, Hb and Color Index

HIROSHIMA o _ NAGASAKI
Hb. Gms. RBC Color Weeks after -~ Hb REBC Color
Millions Index - Bombing . Index

- - - 1 - - -

- 5,5% - 2 - - -
9.3 3.9 0.7 -3 - 6.8 S 2UT* 0.8
8.7 3.1 0.9 by 7.8 - L 3.9% 0.6
8.8 3.1. 0.9 5 9.1 3.7 . 0.8
8.0 3.1~ 0.8 6 8.9 3.5 0.8.
8.3 3.0 - .-0.9 T Th% o 2,g% 0.8
9.0% 2.9% 1.0 - 8° 8.3% 1 . 2.8x. 0.9
T. 7% S 3.0% 7 0,8 - 9 9.9 = 1 3.2% 1.0

10.5% - - 100 9.5 - 7 3.3 0.9
1.0 .. - o= 11 0 - 9k 3.6% 0.8
11.8 To3.6% 1.0 - 12 7 10.0% - -

14,5 . k.50 - 1.0 Normal Japanese 1k4.5 L.50 1.0

*Indicates. that ﬁhe.mean?iéicaléulated on the basis of fewer than 10 cases.
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TABLE 7

MODERATELY SEVERE AND MILD CASES(NAGASAKI)

- KYUSHU IMPERIAL UNIVERSITY
Mean Values for RBC. Hb., and Cclor Index

SAWADA_SERVICE - MISAQ SERVICE
25 Number of Cases . 16

‘ Hb.# RBC ~ C.I. | Weeks after Bomblng RBC C.I.
51 3.21 0.8 b - -
66 3.13 1.0 5 ’ 2.4t | 1.06°
6k 3.17 1.0 6 2,63 1.2
621 2.96 1.0 7 .2.91 1.1
67 2.97 1.1 8 3.14 1.2
68 3.20 1.0 9 3.40 1.0
7 3.26 ‘1.2 10 3.95 . 1.0
70 3.10 1.1 | 11 4,02 0.9
83  3.76 1.1 12 » 3.78 1.0

Color Index.

The tendency for the color index to approximate unity is shown in Tables
6 and 7. Because of réporfs in the medical literature of the development of
hyperchromic, macrocytic anemia in subjects poisoned by radium, thisAcondi-
tion was studied intently, particularly by the-JapanéSe. In view of the fact
that most 1nfect10ns as~ws11 as. blood loss from wounds, should favor the pro-
duction of an. anemia w1th a color 1ndex cons1derably less than unlty, the per-
sistent- flndlng of normal Va]ues for color 1ndex is, to say the least, suggest-

{\.
‘1ve-ofna tendency_toward pyperchromas1a ‘in a purely relative sense.

*Hb - Japanese Sahli, 1h 5 G 100%
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MCV, MCH, MCHC

In one group of survivors in Nagasaki, careful blood counts and meas-
urements of the packed cell volume were done. The average mean corpusculaf

volume, (MCV), mean corpuscular hemoglobin, (MCH); and mean corpuscular

.hemoglobin concentration, (MCHC), were estimated. The results of the study

are shown in Table 8. In this table, the findings in 66 patients recovering
from the effects of radiation injury are compared with two other groups of
residents of Nagasaki City. The difference betweenithe mean MCV of the
group of patients, and of group A is sfatisticeliy significent. The same is
true for the difference between the mean MCﬁ of the same groups. The tendency
in the patient group toward macrocytoeis and hyperchromasia is smail; but it
appears to bevdefinite. As_has been mentiened, this trend is of greater sig-
nificance than the small numefical difference indicated, because it is ob-
served in a group with infection, bgrns and.wounds which would customarily
cause the reverse type of,change in the red blood cells. A sufficiently large
group of patients with radiation injury, and without infection or other com-
plications could not be obtained fer study

A. A group of 30 people who had never had any clinical symptcms of ra-
diation injury. - Most of these subjects were at distances greater than 3500
meters from the bomb - i

X. A group of 5 _2 people who llved 1n Kami-Nagasaki ratlon dlstrlct

~on the west>s1de~of the:lehlyama reserv01r. These people were all completely
protected from Gamma Rays by the hlgh hllls between them and the bomb None

had ever had any cllnlcal symptoms.

17 (6) 17




TABLE 8

' MCV, MCH, MCHC, (NAGLSAKI)
Number moy(t) wer(?) chﬁag’)

] 2 Mean u,E, Mean S.E, ‘ﬁhnn S
Patients 66 931 +1.31 3124 0.51 33.2% 0.45
Group X 55 21,84 1,10 31,2+ 0,37 . -33.9 + 0,27
Group A 30 89,1+ 1,35 29.4 +0.47 33.3 + 0.63
Vorma1 (5) 87.0 +.5.00 29,0 + 2,00 34,0+ 2,00

(1) Mean corpuscular volume - cubic microns

(2) Mean corpuscular hemoglobin -~ gorma gomm

(3) Mean corp, demorlobln concentretion - percent

(4) Standard error of the mean

(5) Normal values for occicdentals, fronm Wintrobe (loe, ecit,).

- Comparable estimates for Japaness were not obtainable prior
to the time of the American Occupation,

Price=Jones! Curve

Only one group of survivors known to have the syndrome of
radiation injury in a moderately severe form-waé‘exaﬁined with respect
to the mean diameter of the red blood cells, Blood smears from the
patients in this group were collected in the Shinkozen Medical Aid
Hospital and were measured‘carefully by Major S, Berg, MC, at the Army

Institute of Pathology (see Figure 1);, Thexrésultsvare shown_in Figure

1 where the average Price—Jones' curve for 20 patients with radiation

injury is compared w1th the average curve for Japanesc normul contrcls.
The comparison of the Japanese normal with the Prlce-Jones‘ normal is
shown in Figure 3, The patients were, selectod for the study on the

basis of the fact tnbt they hud elther no, or very minor injury except that

18 (6) _ 18
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due to ionizing radiation. Unfortunately, infectious processes had been

or were present in-évery case, The mean value: for the fed cell diameter

of the irradiated group wés”7;85 i ,428 microns, which is significantly
greater than the control value of 7.44 4+ .301 microns, The mean value for
the pationts suffefing from the effectsAof irrodiation was, statistically,
significantly greater than the values for 2 other groups of suﬁject resident
in Nagasaki; One group (Seriés A) after careful clinical study, was found

to have no evidence of radiation injury and the other group wes conposoed of
persons who -were known to have been behind a large range of hills of such
height that no gamma rays from the atomic bomb,céuid have reached the roesi-
dents  (Series X). -This region ﬁas in the Nighiyame scction of the Kemin
Nagasaki Ration District, See Section 3N), The mean value for the red cell
diameters of all these groups are shown in Table 9, (See also figure 2),

The evidence from this study which hay be assumed to be representative and to
have been carefully done. is that after 1n3ury by gomma racdiation a tendency
to macrocytosis in the peripheral blood is to be seen, The same observation
as was nade with respect to the color index and to the mean corpuscular
volume, ete,, applies to this situation, Since mest of the paticnts undoubt-
edly had some infectionAwhidhrdraiﬁarily woﬁlﬂ résult in a mierocytic type of
anenia, the flnalngs of qn 1ncreﬂsed dlamcter of thn rod bloo@ cell is cer-

tainly sip n;flcant (See table 9) rfﬂi j "fiﬁ;5q? .

» Retlculocytes 7;;f;fifiif2} “fvfjif Lo

There are_ fcw stud:es of thp retlculocyte counts of the 1ess soverely

~1ll patlents durln& the earlv weeks ufter the ex plO%lon Con81der Lly larcer

o

V,grouws of retlculocyte counts, howevcr, are avnllaole for thc perlod ef 8 to

12 weeks after the bomblng. The observatlon% made at thls tlme arc especially
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interesting becausé,,as will be seen in the discussion of the bone marrow
from survivors, this period during October was ﬁhe time when erythropoiesis
appeared to be thé most mérked. In jable 10 are shown reticulocyte counts

on groups of comparable patients.in each city, The most important feature
of the tabulation ié the uﬁiformly low valﬁes observed, In each city, some-
what more than 50 per c;nt of the counts were less than 1 per cent, which
may be cohsidered'as the ordinary normal value, This finding, when taken in
relation to the range of the éverage erythrocyte count at the same time (see
table 6),‘is very in£eresting. The values for the red cell counts in (8 - 12)
those weeks are 2,9 to 3,6 million for Hirbshima and 2,8 to 3,6 million for
Nagasaki, respectively, Regardless of the findings in the bone marrow, it is
difficult to escape the'cohclusion that the delivery of young erythrocytes to
the circulation is‘deficient, The dégree of reticulocytes is certainiy less
than one would expect-to find in patients with comparable degrees of anemia
who were recovering from wounds and burns,

TABLE 9

MODERATELY SEVERE AND MILD CASEo AND CONTROLS (NAGASAKI)
: Moan Red Blood Cell Dldmeter

CLASS OF SUBJECT . ' . NUMBER ME@N AND STANDARD DEVIATION
1, Patlents w1th Radlatlon Slcknesé f}Al' 20,? 7.85 E‘i1: ﬂ;4284
2 Sertes A 0 .o 100 meL b0
3;‘:Sefies x'f;:7;¥ 5J §f?i”i-_§f'jA§ ,  : 1422 ,7;53 : &5”,;?;é7, ;
.4?'lControls ;’,~f;":';fﬂ?fi 'fc,ié}'zgl'. 9 7 AL,f}i:; 301

R 5, ,Nbrmal Adults* (W1ntrobe, loc c1t ) :;AK; 7 5 ;fij;i.3' 

- _l) is 51gn1flcant3y greater than 2), 3), or 4)

~ 2) and 3) are not 51gn1flcant1y dlfferent from each otherg or from 4)
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TABLE 10

8

MODERATELY SEVERE & MILD CASES

DISTRIBUTION OF RETICULOCYTE COUNTS
8 to 12 Weeks After the Bombing

A, Hiroshima (Nakao Series, Loc, cit,) .

Per éenﬁ Reticﬁibcytes : © Number éf Cases
0.0 - 0.4 | 6 '
0.5 - 0,9 / 7
1,0 -~ 1,9 9
Over 2,0 | 3
- Total 25

B. Nagasaki (Omura Naval Hospital, Kaida Series)

Per cent.Reticulocyteé Number of Cases
0.0 - 0.4 \ 40 |
0.5 - 0.9 25
1,0 - 1.4 15
1.5~ 20 , 6
Qver * 2,0 - ' 11
 Total 97
Morphology |

The morphology of the red>blood ¢e1l$ in the staihéd films of the pa-
tients with'the'moderately sévere‘én§~tﬁé mild formé of the syﬁdrome of rad-
iation injury appears qﬁifé:similaf in ihe-matefiai‘from each city, There
is more péikilécytogié and~aﬁisocyto§is thaﬁlwas seen iﬁ thé other types of
material but even iﬁ the patients in ihis'groﬁp it does nét appear to be-
excessive, Therg was.bne‘major aiffefencé between the efythrocytes‘in‘the

)
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blood slides of the patients from the two cities, Punctate basophilia or
stippled red cells were seen quite regularly in the Nagasaki study and were
observed infrequently in the Hiroshima cases, In the. latter city, the find-
ing was encountered so seldom and was so apparently‘upfelated to other

facts that there is insufficient data for tabuletion. However, in Nagasaki,
as can be seen in Table 11, it was found in a QonSidereble number of cases and
to a much greater degree.in the patients with frank evidence of radiaticn in-
Jury, In the Table, it is evident that the incidence is higher in patients in
the Omura Navai'Hospital. The reason for this is.uneertain. It may well be

that the laboratory equipment there was better or that the technicians, having

~ been warned to look for changes in the red blood cells, found more examples,

The appearance of the stippled red cells differed in no way from those seen in

persons who have had some lead absorption, (See figure 4), The number of
stippled'cells was never so great as that seen in the blood of patients with
clinical lead poieoning. - In some of the contrdél subjects who‘said they were
not in Nagasaki the day of the bombing an occasional stippled cell was found
eut there were never as many as could be seen in a typical patient, No facil—
ities were avAilable for investigating the likelihood that the water or the
food contained lead in apbreciable'amounts The finding is presented here
without further attempt to 1nterpret 1ts 81gn1flcanc |

Frytbno >yte Sedimentatlon Rate.

This test is very popular w1th the Japanese pny3101ans, and a great

- many determlnatlons were made in all types of patlent Unfortunately, none- of

the data is suitable for crltlcal analy51s, since no correctlons for the

[

‘erythrocyte count are prov1ded Actually, in many cases, the sedimentation

was apparently the maximum p0531ble, The test was pcriormed in febrlle pa-

tients much more often than in afebrile ones, and there is no evidence-to
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show that the results observed differed in any degree from what might be
expected in any group of patlents with serious infections,

Osmotic Resistance of Frythrocytes S

A small number of determlnatlons were made of the resistance of ery-
throcjtes to hemolysis in hypotonic 501utions of sodium chloride, Some
of the patients studied were of the gevefe type, and some of the moderately
severe or mild type, All the available reports are in égreement in finding
no abnormality of the osmotic resistance of the red blood cellé, of patients

injured by gamma radiation,

TABLE 11

MODERATELY SEVERE AND MILD CASES KNAGASAKII_

Incidence of Stippled Red Blood Cells

A, Omura Naval Hospital

With Radiation Sickness Total Patients Without Radiation Sickness

204, Y | . 177

49 With gtlppled Red : 9
CbllS .

4% Per cent with Stippling 5%

B, Shinkozen Medical Aid Hospital

128 Total Patients - 219
9 . Vith Stippled Red Cells = - =
% Per cent with Stippling - "  -

. SUMMARY

1) In putlonts exposed to lethal and sublethal amounts of gamma radiation

of the atomic bomb, the erythrocytes were serloﬁsly affected,
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 SERIAL BIOOD STUDIES TN A TYPICAL FATAL -

CADD OF THE STVERR TVPE OF RADIATION INJURY

Hiregnipma *

/
Date - Hemoglobin . REC e Plateicts

11 Auge ok 4,06 4200 203,000
20 hug. &0 3,37 1100 168,000
21 Aug. 655 3.91 1000 -
23 Mg, 5355 2,05 - 350 ' -
25 Aug. L - 1.69 .- 170 -
27 Aug. 705 2.68 120 -

DIFFERENTIAL COUNTS

Date Metas = Stebs  Polys  Lymuhs  Honos . Tos _Bas_ HNucReds

G

1l AGE. 2 30 bLi 20 l-, - - -
20 Aug, . 10 10 - 70 .5 - ~ 5
23 Avg. ‘ (5) - (B - -
27 aug. (L - - (1) - - '

Humbers in parenthesis are absolute mumbers; all others are percent -

— e

e 3

. .. . e

% Case h, Makao Rapor‘og;’fappend:?x w (5)
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TABLE 13

SERIAL BLOOD STUDIES TN A TYPICAL NON-FATAL

"CASE OF THE SEVERE TYPE OF RADIATION INJURY

Date . Hemoglchin _REC

a7 Oct_,

* Cage S.K,, 23, Male, Distance unknown,

1 sept 556 2,50
9 Sept - L7 2420
10 Sept 514 2,26
1, Sept 41g. 1.34
16 sept 314 148
19 Sept 375 1.59
2k Sept . 295 .42
28 Sept L3% 140
3 Oct 645 1.78
8 Oct 6% 2,38
19 Oct 785 2.2
27 Oct 797 - 3.85
Date Stabs
1 S@pt 'lin&oo 1960
9 Sept 5.0 11.5
10 Sept 3.5 5.0
15 Sept bob 8,0
22 Sept 6.5 43,0
. 28 S@pt 600 5605
8 Oct 7.5 5645
19 Oct 5,0 63.0
4,0 6700 i

| Nagasaki +
WBC

600
1100
800
-1300
1300
2800
4800
5400
5600
9100
9100

50.0
7.5
. 86.0
78.5
43.5
3105
28.0
2‘}00 ‘
22,0

Platelets _Reticuloeyces

17900
13560
41300
76250
120000

238000
. 210000

318000

DIFFERENTTAL COUNTS

Polys = _Lymphs _Monos

o
®

O ¢f
NN

]

PORE PO
DN WU ¢
TR AN TN

Eoslinos

6.0
he5
5.5
7.0
ll-co
3.5
440
3.5
4.0

Kusuncld. Report, appendixz AN (2)

25 (6)
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2.5
2.0
3.0
2.5
4.0
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3.0

25




«¢

2) The decrease in the total red cell count and total hemoglobin content
began at once and in the severcly affected cases reached critical levels in 3-
4 weeks,

3) In the less severely affected persons, the mazcimum depletion of the red

- blood cell count occurred within 6 to 8 weeks,

L) The number of reticuloéytes decreased markedly and this was apparently

more so in the lethal cases thﬁn in thosc who recovered, Fven when clinical

recovery was weil established, low values for the reticulocytes were the rule

and levels that were in harmony with the degree of anemia observed were un-

usual, | | |

5)'.At a time between the 8th and 12th week after the bombing when the marfow
\

was found to display the maximum amount of erythropoietic activity, the retic-

ulocyte count in approximately one-half the patients was still less than one

per cent,

6) In general, the size and hemoglobin content of the erythrocytes of patients

"of all types. was normal, or tended toward macrocytosis and hyperchromasia,

It is pointed out that under the circumstances of blood loés, burns and in-

fected states, the reverse would be expected in a group of similar size,

A

/ 26 (6) ' | 26




49

Leukocytes
It is common knowledge among physicians that one of the earliest and

most consistent effects of exposure of the human body to adequate amounts of

‘ionizing radiation, is leukopenia, The action of known lethal doses of X-

rays and gamma rays on experimental animals has been studied and the rapid

disappearance of»leukocytes from circulating blood is a well recognized

phenomenon, It is known that the rapldlty of the decline of the white blood

~count is in general dlrectly proportlonal to the size of the dose, Total

body radiation of human subjects has been accomplished with modest doses of
roentgen réys of the order of 25 to 75 ry, but there is no available informa-
tion on the effect of doses close to or exceeding the assumed lethal dose,
In the case of the Japanese patients,'irradiated at the time of the atomic

bomb explosion, it is difficult to estimate the amount of gamma rays that

- they received, but there appears to be no question but that many received

doses considerably in excess of the LD-50 (i,e,, the amount of gamma rays
that will cause the death of 50%.of the_subjects,)v Accordingly, it is a
matter éf consideréble interest to estimate the rapidity with which leukopen-
ia developed in human beings.,

White Blood Cell Count,

(1) Very severe cases,

Two series of cases, one from each c1ty, are available for study,
In Table 14 are llsted all the whlte blood counts that were found in the
records of the Omura Naval Hospltal, of patients who died within 10 days of
the bombing of Nagasakl The locatlon of these patlents is not known, but
the fact that all exceptrtwo (Nos, 4740 and 4799) -died of severe, extensive

burns, indicates that they were probably in the open, unsheltered; and at
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least as close as 1,000 meters from the center, This tabulation is very
important since it demonstrates the appearance of extreme leukopéni; on

10 and 11 August, thé first.and_éecond days after the bombing, In Table 15
are listed white blood cell counts from the records of the Iwakuni Naval Hos-
pital, Hiroshime, Hiroshima, Practically~all of these patients were inside

the Bankers' Club (See Section 11H), a reinforced, concrete three-story build-
ing, 200 meters from the center, The carliest white blood counts in this
group were performed on 10 and 11 Auguét, the 4th and 5th days after the
bombing., More extreme degrees of leukopenia were seen at this time as would
be expected from the animal experiments, These two groups of patients pro-
vided the only reliable information that was obtainable on the rate at which
the leukopenia develéped in the most severely affected persons,

TABLE 14
VERY SEVERE CASES

LEUKOCYTE COUNTS - NAGASAKI

Data from Omura Naval Hdspital

CASE NUMBER DATE OF WHITE COUNT “W,B,C, DATE OF DEATH
4739 10 August 2200 11 August
- 11" 200-530 -
47733 i n 1670 , 11 August
- 1 " 830 -
4737 13 0» - 1300-1600 11 August
4738 1 » -600-1000 11 August
4736 11 " 400-500 1r n
4140 1m " 530-1040 1l
4734 1" 830 1 n
4732 i1 300 nn ¢«
4731 11 - " 715 11 v
4793 - 7 v 430-500 17 "
4799 8 v 1700 g
4795 g n 500 ' 8 »
28 (6) 26
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The clinical syndrome was qulte strlqug, with epilation, high fever,

severe ulcero-necrotic lesions of the mucous membranes, and. purpura. Many

VERY SEVERE CLSES

Ll.abh(;r“’ G0t L: - HIRCEHTM A

Data Iy on Iwakunl NaVaT ﬂoupltal

Caese Number Datc of White Cell Gonnt WeBoCo Date of Death
H-10608-I 10 hugust 250 12 August :
. 11 o 400 -
H=10634=1 2. ¢ S 120 © 12 August
H-10612-1 2 n S 560 12 v
H~-10604~I R : L0 13 j
H-10606-I ' 12 ¢ S 1 X¢) n - - g
H-10611-I : 12w ©T 300 w v : S
H-10625-1 - 12 o . R0 I, v g
H+10620-1 - 12" 2100 i v 3
H~10618-1 12 o , 2000 L v »
S e L o : L0 ' -
H-10635~1 12 30 Ly, "o
H-10629-I 12 v 150 o oo
o~ 13w . 25 ~ ,
H~-10609-I i3 ¢ 50 A 5 :;
-~ BT R - |
H~10614~I Lo 1200w Y 103 15 n |
‘ - _ 15 ©w 200 - o - §
- H=10640-1. 13 <= 560 15 ¢ ;
- : 1, o n . L90 ' 4 " ;
H-10643-1 12 n 920 15 o
- u .. & : T
- _ Lo 15 @ g o 550 D e
H-10626~T - 1, o © 100 15 "
H-10636~1 ‘ 12 v 300 . 6 v ; ‘ ;
- 200 16 " | |

15 . m }
(2) severe Cases i }
v ) §

Patients of this type éttracted c&nsiderable attention during the third
| @ _
to. the sixth week after the bombing in lsach city where large mumbers crowded
' ]
the hospitals. During the height of thls period it has been said that

deaths from radiation sickness occurred ai the rate of about 100 per day.
|

blood examinations were riade, but often, unfortunately, these were single
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counts and the records of them frequently failed to show whether the patient
lived or died., In the Nakao report (loc, cit.), however, the patients are

classified on this critical basis and Table 16 has been prepared from that

study. .
TABLE 16
SEVERE CASES
HIROSHIMA
| DISTRIBUTION OF LOWEST LEUKOCYTE COUNTS DURING THE
‘ 3rd_T0 THE 5th WEDK AFTER IRRADIATION,
Lowest Count only
FATAL CASES W,B,C, DISTRIBUTION CASES THAT RECOVERED
1, 0-500 | 1
7 © 501-1000 : 8
4 | | 1000-2000 10
0 over 2000 _ 4
25 - Totals | , | -—§5--

The leukocyte counts shown there are the lowest ones reﬁorded which is
not to say the lowest which océurred. It can be seen in general that leuko-
penia with total counts of less than 500 white cells per cubic millimeter was
observed in the majority of ’f‘atal aaseeé for in those whov survived, .the low=
est recorded couhts were of ihe order Sf SOO‘to‘QOQO,_ A number of case re-
cords are available of pefsons with‘blobd”counts'of lesé than-500'who recov-
ered, but in general,:it may‘be saiﬁ that leukopeniaﬂof this extenf ihdicated
a grave prognosis, The typibal distribution of»fhe.white‘blqod cell count in
a group df patignts with theisevefeltype of a syndfome of radiation injury is

shown in Table 17, the data for which was collected in Nagasaki by a research

" team from Kumemoto Medical College between 4 and 8 September, All the pa-

tients in this group were acutely ill and it is regrettable that it is not
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known how many of them died.
TABLE 17

SEVERE CASES
NAGASAKT

)

DISTRIBUTiON OF LEUKOCYTE COUNTS,DURING THE
3rd-5th WEEK AFTER IRRADIATION
Lowest Count Only

PATIENTS WITH EPILATION 'ﬂﬁggiwgiﬂgggggxgpg;gy ATL PATIENTS
3 0-500 - ’ 7

10 | 501-1000 17

10 ~1001-2000 15

) over éOOO 15

29 Totals : 5k

The table is of interest, however, since it shows the range of the total
ﬁhite cell counts in a gréup_of serioqsly ill patients Qhose ciinical symp-
tomatology was generallyvéimilar. Fﬁrthermore, it is shown that in the group
with epilation there was not a definitely greater ihcidence of leukopenisa

or & moré severe degree of leukopenia than in the other groups. ‘In Tables 12
and 13 are presented soﬁe characteristic serial blood counts from patients
who survived and from others-who died, showing the rate at which leukopehia
and recovery (if it occurred) déveloped. The most intereéfing feafure of
these cases is the demonstration of how iong the time-lag may be for the full
development of the effect of gamma radiation of the bone marrow. The char-
acteristic interval in persons who have récei&gd‘doses approximately the ID~-
50 appears to be from 1%-35 dayé with the majority occurring in the third

and fourth weekéw

(3) Moderately Severe and Mild Cases.

Just as in the case of the erythrocyte counts, many leukocyte couats
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wefe‘obtained from tho less severely-irrédiated patiohts. Since this class

. was in the majority among the survivors it is natural that many of the blood
eXmainotions of the Joint [Commission were perfofmed on. ﬁhem. In Table 18 are
collected the average le ocyte counts by weeks for the most certainly ex~
posed group of subJocts (these neople were within 1500 meters of the bomb,
OLtdoors, unshielded, or indoors inside Japanese—type wooden buildings,) All
had.experlenced the typical symptoms of the syndrome of radiation injury, The’
data show’ a very definitA %rend with the average-for the_miniﬁum:white blood
cell count occurring during the fourih week after the explosion of the atomic
.obomb in each city, In spite of fhe small number of cases_ forming some of the
wegklybgroups, the data from Hiroshima is especially illuminating since it

shows the downward trend from the time of the explosion until the period of max;‘
imgmidepletion.

The rate atfwhich the| average léukocyte count increases during the re-
covery period is also shown in Table!l8.’ It isvinterésting to note that the
data collected by the Join 'Comoission io in close agreement with tho‘average
values for the leukocyte ¢ unts reported from two Qf the medical clinics of
the Kyushu Imperial Unlverilty‘where stﬁdies were made. (See table 19). This -
parallellsm is s1gn1fzcant siﬁoe the successive weokiy countlin the Sawada
Clinic and those of hOSplt‘ ized patien§s in the Misao Clinic were performed
on the same’ patlents ‘The Joint Gommission.counfé for one week, however, were
not nccessarlly obtalned f om the same group of subjects as the coun'bu of tho

prev1ous week The tempo £ the recovery of normal values for the 1eukocyte

V

count seems to be well est bllshed by thls datar' It may be stated on the ba31s

|
of such study- that dfter s'blethal doses of gamma rays the leukocyte count de-
creases steadlly for a perfqd of 4 weeks; then, durlng the following-4 weeks

returns to normal level,
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MODERATELY SEVERE AN JILD_CiSES

TABLE 18

. AVERAGE. LIUKOCY

il

COUNT TN LAuI ”EY £ AFTLP J.HE BOh.BING

 HIROSHIMA
4200+
21,00%
- o0
1800
2400
3400
"5000,‘
5300
6700
8600
T a100
6800

T8 C

\P’ah/(

1

,'N

[N D
O v & -~ o WP AW

=

.
h]

- *Average of less than 10 cases,
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HAGASAKY,

5300
2500

- 2700

4700
LB0O%
85005

7100
7600

- 5800%

33




TABLE 19
NAGASAKI

MODERATELY SEVYRE AND MTLD CASES

AVERAGE LEUKOCYTE COUNT IN EACH WEEK AFTER THE BOMBING.

WEEK  JOINT COMMISSION  SAWADA CLINIC MISAQ CLINIC
1 " ALL PATIENTS HOSTITALIZED -
2 »,
3 5300 ’
i 2500 2700 200 0 1800
5 2700 - 2700 32,00 2200
6 5700 3300 LhOO 3500
7 4800 - 4500 L600 3600
g 8500 S 5600 LB00 4800
9 8500 7200 5900 . 5200
10 700 9600 €700 6200
‘13 qe00 11000 - -
12 5800 - 900 .- -
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Differontial Counts,

fl) Very Severe Cases,

The members of the Joint Commission were unable to obtain any blood
films of the severe éases from the Nagasaki hospitals, In his brief report,
Surgeon- Lieutenant Shiotsuki (sge appendix 4) mentions the differential
counts of such patientS«énd statésvthat scarcely any cells exceét lymphocytes

could be found, even after a prglongéd search of the smears, Of the very se-

vere cases from Hiroshima, records are available of 9 differential counts, and

smears of two patients were given to the Joint Commission, The diffefential
counts are listed in Table 20, It is apparant that there was no characteris—

tic hemogram for this stage, and in a general way, the propértion of the var-

ious cell types was approximately normal, except for a shift to the left of

the granmulocytes and the“presence of nucleated red cells in three of the nine
exémples, There does not appear to he any way in Qﬁich'such findings could be
differeﬁtiéted from other instances of severe leukanemia, as for example,

acute benzol poisoning, The morphology of the few cells-thét remained in the
blood with the exception of some of the polys, appeared normal to most examin-
ers, In every case it is reported that giant neutrophiles were obscrved. Such
cells were two or three times normal size and contained bizarrely -shaped nu~-
clei, In the smearé 6btéihéa By fhe'Jbint Cdmmission, such cells were also
found, This tvne of giant neuurOphll has been descrlbed as occurrlng in the
blood of anlmals who have recelved large doses of X-rays. |

leferentlal Whlte Coll Courm

(2) Severe, Mbderatelv-Severe\and Mild Cases

The varlatlons in. the dlfferentlal white cell counts were much more

marked than the ‘changes in elther the red blood cell count or the white blood

35 (6) 35




E UNTED HIELOCYTES FOEM POLYS. - IIMPHS, MONOS° ECS

'VERY SEVERE C#SES

TABLE 20

DIFFERENTIAL WHITE CELL COUNTS Safter Nakaoz

Absolute numbers in parentheses. .

See also Table 2

» No. GELIS METa-  STAB
" CASE NO,
H-10614-I 50 0 20 -
 R-10619-T 50 o 8
H-10645~T 50 0o 16
H-10615-I 20 0 0
HA106L6-L 13 o @
, 100 L 26
Ho10625- 30 0 . (1)
H~10635-1 20 )
- 50 - 10

L0
50

- 60

(12)

| (1)

56
(22)
(18)

70

28
30
1
(1)

(5)

(1)

16

6
I

10

0
0 .

L

2

P I
[
S

0

© © © M O O O o

BAS,

'© © © 0 © 0 O o o

PLASKA

- CELLS

o © o O © © © o N

NUCLEATED

R.B.C.
Y
L
0

7

o o o O O
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cell count and 1t is almost impossible to offer a general description of

any characteristic pattern, When it is conuldered that both the 1ymphop01-
etic and myelopoietic tiséues were affected, often to varying degrees, and
when it is recognized that thu radlooen51t1v1ty of these various tissucs and
cven of different portions of the same tissue nay differ, it is easy to un-
derstand how diverse the bl&odvpicture can be. The absolute numbers of all
the formed elements of the blood were reduced and it is quite apparent that
the degree of reduétion ofvthe several types of cells chénged steadily, It is
also apparent that these changes were independgnt‘of one another, Fﬁrther—’
more, it is seen in the secction on the bone marrow and in the section on
pathology that regeneration commenced to some extent in gll the hematoPOiet—
ic tissues during the first two weeks after exposure; The hemogran may thus
be considered as reflecting, at any given time when an exemination is made,

a balance between the effects of destruction of the blood-forming organs and
the effects of the degree of regencration which has occurred, An inspection
of fhe available différential counts reveals instances where the percentagé
of lymphocytes was as great as 70% to 90% and érhér cases where the percentage
of neutrophils was as large as 80% in patients whose clinical symptoms were
virtually identical,,AOther:individuals:displayed this amount of variation

in the differentgzlréouﬁftin théTCOﬁrse"of'oné<webk Under thcse circum-

stances it 1s prefurable not to _attempt to pmesent any swngTe avera ge or

: usu“l pattern for the d:fferentlal count Thﬂ ne drcal reader w1ll apprbclate

the fact that reductlop to vprylng degrees of all the formed ulcmenus of the

'blood“was the only cnaracterlstlc feature of the severe form of radiation

sickness, In Tables 12 and 13 are shown hemogrwms of tfpical cases which il-

lustrate quite well the veriable patterns that occur.
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The tabulation of sbunﬁsuiﬁ.Tables 21 and.éz however, displays some
distinct trends and SGVQral;interesting features, It is convenient here to
present the results in severe ¢ases at all stages, together with moderate-
1y severe and mild cases. The values shown in the tables arc the averages

of the first differential counts rssorded on ths Joint Commission gquestionn-

“aires, The examihatisns made prior to the 7th and 8th week were trenscribed

“from Japanese records,‘_The patients whose counts are included all belong

in "exposure groups A and B" (See Statistical”Section), This class of sub-
jects included anyone'who was outdoors, unshielded; or indoors, inside a

wooden building; and who'wﬁs within 1500 meters of the center; plus those

people who were in hsavy buildings within 1000 meters of the center, The maj-"

orlty of these porsons undoubted;y recelv d gizable doses- of gemma rays;
and the fact that a differential count was made is reasénable evidence that
th%t person displayed some ev1dence of radiation injury, Because of the emall
number of counts from patients whose location and shielding was adequately
recorded, it is necessary to group together cases of differing severity.

In the tabulation 6f the average absolute differential counts, it may
be seen that the aversge number of lymphocytces was less than normal through;
out the entire perlod of 12 weeks aft«,r 'thc bombing, ‘I‘he numbu‘ of instances
in cach of sevcral tlme perlods where the absolute number of lywphocytes X~
ceoded 2600 per cublc mllllmeter, the avcr ge normal value 1s shown for.

patlsnts from each c1ty 1n Tabls 23
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BEBomour

' Average
WBC.

1000
235

309k

4113

- 5384

7320

6576

T0L8

6908 .

680

e
50 2370
6 3070
7 4100

g - 5280 -
9 700
10 6520
11 7000

12

Total Cases

TABLE 21 -

HIROSHIMA |

'Avur@ve Differential Counts by Weeks;

Absolute Numbers and Percentage

No.of
Cases

11

- 39 .
ig .

© 22

10
17
. 66

9%

Norﬁél abaoluie: avers
Hormal average :

%

2
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CANRE

27
590

| 602

W37

- 154

1

2.2
k.0

0.7

Ta9

18,7
17,2

33

- 9.0

8.6
60.)

Polys
325
2093
1392
1678
2309
4345

© 3332
- 366
359%

3591
51.3

32,5

46.1
45.3
40.9

43.7

58,7
5.1

52.2
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§§g_§ure Grougs A and B
St.abs

Lymphs
575

g3

1215
1152
1638
2012
1940
2048
2080

2660

- 38,0

57.5
37.3
39.5
28.0
31.0
27.1
29.7
3100'
30.1
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TARLE 2R !
NAGASAKI :
Average Differential Counts by Wesks;
© Absolute Numbers and Percentage
Exposure Groups A and B: .
Average No.of : '
Week WBC Cases Stabs PoJ\L - lymphs Monos Eos ~ Baso
3 3310 7 T 6il 917 1112 63, 22 %
L 1550 12 45 538 704 104 21 iy
2 - 3210 6 L2k . 1706 913 10 70 b
7 - = :
8 7230 bl 416 3795 2060 397  A9L L8
9 7900 137 353 4331 2041, 509 569 31
10 7240 73 102 412 2106 17 559 38
11 7940 67 88 4312 2,87 379 636 30
12 7380 26 27 LOL7 2283 376 64l 51. -
Normal gbsolute: average : 154 3591 2660 350 252 35 % ..
Normal average : percent: 2.2  51.3 33.0 . 5.6 3.6 0.5 #
.3 3350 18.2 274 33.2 18&9 0.6 L7
[ 1530 9.5 35.2 46,0 6.8 1.3 0.9
g 3230 13.1 5208 2803 36"" 201 O_ol
8 7200 5.8 52.7 2806 5.5 6.8 0.6
9 7840 k.5 .55.2 261 6. 7.2 - 0.3
10 72100 - lol(. 5700- 29ql la-otb 7.7 095
11 7930 lol 5&-9‘2» - 310’4- ‘ ‘b-e 800 003
12 5.2 . 8.7 0.6

7390 . 0.3  5Skebs 30.9

. % pAverage of 28 Normal Japanese males, September 1945, Misao,
Appendix 4N (3)

~
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' TABLE 23

PER CENT OF DIFFERENTIAL COUNTS IN WHICH THE ABSOLUTE NUMBER OF

LYMPHOCIT&Q WAS MORE THAN 2600
{Exposure Groups A & B)

HIROSHIMA TIME . NAGASAKI
5.5% ’ 2-6 weeks o . 0
20. 3% o 7-11 weeks) ' |
) : 20,4%
25.8% -~ 12plus" ) A :

After the 12th week in each city, an increasing mmber of absolute
counts were found to be normal, It can be seen in the tables that there

is some variation between the patients from each city, The lymphocytes

 of the Hiroéﬁima'gfoup apbear to have recovered less promptly than the

ones from Nagasaki,
In the Tables 21 and 22 the trend toward recovery of the average num-
ber of granulocytes is seen to occur more-rapidly than the lymphocytes,

Thus, in the Nagasaki group, the average velue for polys was in excess of

‘normal (3900 per cubic millimeter) during and after the 8th week, In the

case of the Hiroshima patients the polys were in exceéé of normal during
and aftor the'9th-week, The actual percentagc of patiehts from each city

whose abuolutc poly count was groater then 3900 in cach of zeveral vime

perlods is shown 1n Table 24

L~

R TABLE 24 LE R i Ly
PERCENTAGE‘OP DIFEERLNTIAL EDUNTS IN WHIUH THE EBS@LET‘
il O% "POLYS WAS MORE THAN 3900 S
(Exposure Groups A & B)

| HIROSEDH A TIME o y NAGASA;{I
'225;0% t,j1:,;g.. ', ﬂ v"7—1l weeks) - S
| | | ) 3.5
34.6% : After-12 ")
) A | ol
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Tﬁe average absolute numbers of the basophiles and. the monocytes var-
ied in approximately the same manner as the polys, The behavior of the stab
forms has been disregarded in this discussion, because the average values
for this type of ccll were not reliable in this study,

It is quite apparent that a general reduction invthé absolute numbers of
each type of cell occurred after irrédiation. This is the constanﬁ and con-
spicﬁous feature of the differential counts from all types of patients with
clinical evidence of radiation injury, When the absolute values for the dif-
ferential counts of a grdup of patients are averaged there is seen to be 2
fairly smooth progression of values, In the individual dases, however, the
percentages often varied markedly from  duy to da ,' The situation.illustrat-
ed in Tables 21 and 22 is quite represéntative, and there does not appear to
be any reason to present any of the several smalllseries of differcntial
counts that are included in some of the clinical reports, All,show the same
trends, although none of the ones tﬁat arc. available give a clear indication
of the length of time required for the average lymphocyte and poly count to
return to normal levels,

Among the interesting features of thése,tables are the serial changes
in the percegﬁage of e@sinophiles in the differential counts, Individual in-
stances were observed Whefe the eosinophile count was as high és 68% and in
nany cases the v&luésfﬁer@ﬂin excess of 20%, There is no apparent reason
for the occurrence offhigher~degreeé'of cosinophilia in thé'patients fron
Nagasaki és cémpared’witﬁfthose from Hiroahimé. The eosinophilia was studied
by Ueda and Nikaido at "$he Shinkozen Medical Ald fospital in October and

November (Appendix 4N, 25), The differential counts of qll the patients ex-

amined were divided into 2 groups: Those with mo?e than 10% e0sinophils,

2 (6) o b2
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and those with less, The results are shown in'Tabie 25. It can be seen

. that the incidence of eosinophilia in excess of 10% was greatest in the

' group with the clearest éevidence of radiation injufy; It is shown in the

scction of the bone marrow that in many of the tissues obtéined during
Octoﬁer (i.e., 8th ta‘12thqweek), eosinophilia was a common finding., The
significanée of this temporary condition is not kndwh. Studies of pa--
tients receiving Roenfgen therapy have shown blood eosinophilia froquently.

There is general agreement in the reports in the literature that the proportidn

‘ of these cells may range from 10 to 25 per cent during the period of several

weeks_aftér treatment, The reasons for the larger percentages in the bombed
patients remains to be determined, |

TABLE 25

NAGASAKT

MODERATELY - SEVERE AND MILD CASES
Incidence of Blood Losinophilia,

. MAXIMUM
‘ » EOSINOPHILIA
TYPE OF PATIENT . NUMBER EOSINOPHILIA IN EXCESS OF 10% OBSERVED
' ‘ Number Per Cent Per Cent
Radiation injury with
epilation, : 50 » 38 o 75 39%
Patients without -~ T Lol

: epilation o oo 297 Lo A300 e s 40 54%

- UnanuredAre31dents of i,; :A'_&: - :;g_ ;‘~;q f ; L T
Nﬂgasakl ARSI 50 20 R ¢ A=) S
Controls fron’ out-_i . ~J.;;  :J'>=. ~‘: é" Ny ' T,: . : ,

side the- clty. S . -« I R V7 4

V.?’ i

‘r*Some of theae patients had clinlcal ev1denoo of rwdlutlon 1n3ur othefs'

had "only" wounds and/or burns, = The tabulation is unsatlsfactory because .
preclse criterla for the dlagnosis of radlatlon 1n3ury'had not been formi-

© - lated,
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MORPEOLOGX

The most constant‘abndrméiity»of the morphoiogy of the leukocytes
on the stained blood films of pafients with tﬁe syhdrome_of radiation in-
5ury during the period of fécpvery was seen ih the neutr;phils. Marked tox-~
ic ‘granulation and even occasionélly toxic vacuolés wefe observed. .This
Pinding can undoubtedly be attributed in part to-the infections which occurred
in almost all patienxé; As-might be expected, a progressive shift to the
right was seen as recovery progressed. The failure of this to occur or the
versistence of the left shift of the early stéges was observed in patients
whoSe'convalescence was-protracted or unsatisfactory.

Thé ordinary lymphocytes of the blcod: the gmall, medium-sized and
large forms, did not hiéplay'any mérphologic alterationé. An abnormal-appear-
ing lymphocyte, hogéﬁef; was seen in a considerable number of the cases.

This cell had the genefél eppearance of the at&piéal lymphocytes which are
seen in infectious,moﬁqnucleosis. It was large with a variable type of cyto-
plasm,}some had abundant, non—granular, palely basdpﬁilic cytoplasm which
tended to stain a deeper blue at the margin., In others the_cyto?lasm was
-more generaily basophiiic, often flocculent and in some cases contained vacu-
oles énd azure-filled granules. The nucleus was comparatively small in re-
lation to the size of ‘the cell, was excentrically ldca’ced, and was rarely
ihdentéd. Thévcbromatih‘ﬁas arranged in rather coarse bﬁndles and there was
little'coﬂfrast,ipvcbior'ﬁetween it and the parachromatin. The general ap-
pearance of the_nﬁqieus'waé homogeneous and nucleoli were rarely seen. A
'similér'type éf beli‘ﬁas observed in smears of marrow obtained at biopsy in
‘abprqximatély ohe-halfnof»the preparations-from‘Hiroghima and one—third of

the preparations from Negasaki. In one series of cases‘where,the'percentage

Lh (6) | Bt
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~of these abnormal lymphocytes was recorded, they were observed in the blood
émears of approxinately one-fourth of the patients, The details of the obser-
vation are shown in Table 26, In this table the group labeled "No Radiation"
was formed on the basis of tertative criteria used during the study in Japan,
Since more than two~thirds of these potients were severely burned, as shown

by the fact that they werec still in the hospital in October, the presumption

is strong that many of thém were examples of the moderately severe or mild form
of radiation sickness, In a group of over‘50 control subjects no cells of the
type referred to here as abnogmal lymphocytes werc seen, Typical examples of
the zbnormal lymphocytes are shown in Figufés Ly 5 and 6, The significance of
the finding of these cells is not known with éertainty.4 In view.of the pres-

ence in the bone marrow, spleen and lymph nodes of similar cells, it is not

unexpected,
TABLE 26
NAGASAKT
RECOVERING SEVERE: MODERATELY SEVERE: MILD CASES
INCIDENCE OF ABNORMAL LiMPHOCYTES IN THE
, STAINED BLOOD FILM
NMEER OF PATTENIS | | NUMBERS WITH ABNORMAL LYMPHOCYTES .

With diagnosis of

-Radiation Sickness. ‘.}~204 - ‘*7:7 ' ' - 66
With no diagnosis of >4   i v \_f B e
Rediation Sickness . = _177 L2y

Totals =~ . 38 - L 95 258

15 (6) L 15




Monocytes were normal in appearance, It was 2 ﬁatter of some interest that ‘
monycytosis was not observed, It was cxpected by some of the observers, who rea-
G;} soned from analogy with the agranulocytic-angina of the Schultz type where mono-
c&tosis is a distinctive:feature of the recovery stage, 4n eccasional histocyte
was seen in some of the:blood'films, one eiample of which is shown in Figure 6,

z In view of the large numb<r of these cells in the narrow, the escape of a few

rs

into the blood is not urusual.

Plasma cells were .seen in many instances but usuelly in small numbers, one
or two per 100 white blood cells, These cells also were present in large num-~
bers in the marrow, Spleen; lymph nodes and other tissues of the irradiated pa-

.tierts, and the appearence in the circulating blood of small numbers of them
should occasion no surprise, -
SUMMARY
- , After exposure te injurieus amounts of gamﬁa radiation, the leukocytes of
the circulating blood undergo a typical series of changes:.
.Qi; 1, In the patients who received definitely 1e£hal doses of gamme rays, a
‘ " leukopenia of lOOC per cmm or less may be apparent within 24 to 36 hours and be-
| come progressively more marked‘until death. Thelﬁhite cells may completely dis-—
appear from the'circulatior and white cell ceunts of less thae 500 per cmm were
the rule, 7 .
2. In patlents who received amounts of gamma rays which approalmate the

1D-50 (the more severe cases of the cla851f1catlon 1n Table l), the 1eukocyte

count decllned slowly aftex 1rrad1at10n and reached the mlnlmum level during

. the 3rd to 4th. weeks In the fatal cases the counts fell to 1ess than. 500 per
¢ cmm in more than one-half of the patlents before death occurred In those who
- ',surv1ved, the depletlon was less nrofound and counts below 500 were observed

4% (6) | , 16
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in only a few éatiénts. Iﬁ‘the survivors the lowest white counts génerally
occurred in the fourth week:

3. Inﬁthe patients who received definitely éubiethal doses of gamma
rays, the leukopenia océurred but fhe average cduﬁt in the "4th week, when
the lowest level wasvreéched, ranged from 1500 to 2500 per cmm. In this
type of patients, white cell counts below appro#imately 1500 were not seen.

4. The length of time required for the white count to return to normal
levels was about 4 weeks on the average for the patiéntslof either class who
recovered. |

5. Theldifferential count revesled that lymphocytes were reducéd in
absolﬁte nuﬁbers from the time of the first observation (2-4 weeks) until ap-
proximately the 12th week. The polys were also reduced-in absolute numbers
from the onset until approximately the 8th-9th week when the average value
returned to normal. A shift to the left of the gfanulocytes was present early
in the course of the disease.

6. There was no blood picture which could be cqlled pathognomonic for
any stage of the disease. ﬂ

7. The average percentageAgnd the absolute numbers of eosinophils in-

-creased during'th678£hf12fhmweek;.aﬁd»peréenﬁéges as high as 68% were reported.
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Blood Platelets,

The amounts of'Xarays‘that are used in therapy seldom have any serious
influence on the numbe;*of platelets in the circulating blood although oc-
casional cases have been reported where a thrombocytopenlc purpura was ap-
parently produced In experlmental animals only a few 1nvest1gators‘have
observed a marked or prolonged effect on these elements, In one series of
experiments with dogs'e#posed to an amount of Roentgen radiation, approxi-
mately equivalent to twiaeetﬁe LD«SO for dogs, (1) the platelets were vir-
tuaily eliminated from the blood and purpura was comvenc1ng at the time of

death, 7 to 11 days after lrradlatlon. In human belngs receiving Roentgen

-therapy, the platelet count is frequently consideraoiy'increased a week or

two after treatment and for this reason some radiologists have used X-rays

in thé treatment of thromoocytopenia of various sorts, Because of the small

emount of information in the lipepature on the behavior of thrombocytes in -
eubjeotsireceiving large doees’of-ionizing radietion,-the changes which oc-
curred in the Japanese wéfé offconsiderable intereet.

(1) Vefy Severe Casee, |

Platelet counts were recorded for only 2 of the cases of this type
studied in leoshlma : They were both made on the 6th day and were performed
on patients who dled on the 8th and 9th days respectlvely, The.total number
of platelets per cmm were. 87,400 and 64,500 Cutaneous purpura was not
present in elther case Among 20 patlents 1n one serles with the very se;'P‘
vere form of the eyndrome of radlatlon s1ckness who dled durlng the f1rst

10 days after the bomblng, cutaneous purpura wae recorded in only one.::The, )

~ amount of purpura ev1dent 1n the v1soera at avtOpsy, however, was varlable

and was seen w1th dlfferenb frequen01es in the various autopsy serles from

(1) Shonse, Warren & Whipple, loc, cit.

48 (6) . -8
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each city,

(2) Severe Cases.

Extreme thrombocytopenia was one of the striking characteristics
of the syndrome in the severely affected patients, - The most useful datae on
the occurrence of this finding'is included in the Nakao report, In the group

of fatal cases, platelets were counted at some time in the period of the

third to the sixth weeck in 14 of the 25 patients, (see table 27). Pwelve

of the 14 were found to have fewer than 25,00Q platelets pef cmm, In the
gfoup of 29 non-fatal cases of the severe type, platelet counts were performed
on 2/ during the same time period, Five of these 24 counts were lower than
25,000 per cmm, Thé distribution of all these counts‘is shown in Table 28,
Among the'pafieqts with the severe type of radiation{iﬁjury studied at the
Kyushu Imperial University (Kusﬁnoki Clinic) 11 of 17 had platelet counts>less
than 100,000; and 7 of 17‘wefé less thaﬁ 25,000, Thé A fatal cases were in
this latter group, | \

A severe hemorrhagic state with purpura, melena, épistaxis, hematuria
and metrorrhagia developed in many of the patients, This situation is des-
cribed in detail in the clinical section, It is unfortunateiy true that any
attempt to demonstrate a reLatlonshlp between the degrec of thrombocytopvnla
and the hemorrhaglc state 1s hampered by the fact that in genefal platelet
counts were only performed on patlents w1th purpura There 1s no doubt that

patiernts w1th purpura had thrombocytopenla, but there is no Jarge amount of

data on the platelet counts of 1rradlated patlonts who dld not heve cllnlcal

purpura, It seems reasonable to say that the hcmorrhaglc manlfestatlonp were

‘assoclated wlth, or- occurred concurrently w1th the thrombocytOpenla It is

not possible to state the degree of thrombocytoponla which was 1nvar1ably

associated w1th purpura; or for how long a period of time thrombocytopenla
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existed before the appearancé:of purpura,
(3) Moderételx Sevérg or Mild Cases,

. The rate of return of thé platelet count towards normal cannot be
cited for any group of patients but a number of series of'cases are available
where platelet counts were made at different periods of time after the bomb-
ing, ‘There is a high degree of variation in the results, part of which may be
due to the technical methods used and part of which is undoubtedly explainabie
on the basis of the sampling, The case records, (See fable 12 and 13) give
one a fair idea of the rate of recovery in typical instances, In Tablé 29 are
listed 4-series of patieﬁts showing the percentage of cases in which the plate-
let counts were less'than 150,000 (approximately one-half the average normal
values) at the time oé the study., The values for the Sawada Clinic arec open
to question for if vas ébservéd that all the thrpmbocyte counts performed
there were approximately 50 per cent higher than the usual values.' The other
series are probably quite reiiable, Distribution of blood platelet counts for
the Hiroshima series for chober and November is shown in Table 30, In Table
3lvthe averages for platelet counts performed in the Omura Naval Hospital in

October and November (10 to 15 weeks after the bombing) on 3 classes of pa-

Atients are listed, . The tabulation demonstrates that in persons with definite

radiation sickness the averége humberiof'thrombocytes is less than in the
group of pat1€n§$ conva1e301ng from wounds and in whom there was some doubt

whether they had ever been 1nJured by thc gamma radlatlon, ane of thls in-

‘Jured group had been burned or had enllated None had becn found to have

vhite counts less than 4000 and none had ever experlenced any of the character-
1stlc symptoms of radlatlon s1ckness ‘In splto of thls, it is apnarent that

the mean platolet count in thls group is less than one would expect in a
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group of wounded persons{ A hemorrhagidltendency occurred in the moderate-

1y severe and mild types of céses but to a less striking extent than in the

severe group. The details of the purpuric manifestations in this sort of
patient are presented in the clinical section. |

(4) Morphology. | |
fhere do not appear to be any changes in the morphoiogy of the

blood platelets in the patients with gamma ray injury.

SUMMARY
1. After exposure'to>large doses of gamma rays, the blood platelets
are decreased in number.

2. Thrombocytopenia was present to a significant degree within one

‘week.
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JABIE 27

DEVERT CASES, TATAL

. BLOGD_FLATEIRT COUST PER mro

1200
4500
5200
700
8800

- 10400

9rd to 6th wee

e e

8.

."8

88 R E
%8 B
8 8 3

34, 200
68,200,

 BEVERE CASES, NON-FATAL

DISTEIBUTION CF BLOCH PIATELET COUNTS

(HIROSHINA )

Lese than 50,000

50,100~100,000
150.100-200,000

More than 200,000

Total

#5 of these counts were less
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TABLE 29

CONVALESCENT SEVERE, MODERATELY SEVERE AND MILD CASES

INCIDENCE OF PLATELET COUNTS BELOW 150,000

e

"‘DATE OF STUDY - PLACE NO. EXAMINED NO. WITH PLATELETS Z
- _ - BELOW 150,000
) 15-30 September Nagasaki . 18 3 36
' ' : (Sawada Clinic)
= October-November Hiroshima = ) 28 16 57
October Nagasaki : '
v (Omura Naval Hospital) ~ 90 ' 3L ‘ 38
November Nagasaki ' o ' A
' - , (Omura Naval Hospital) 66 16 25

- o All Oétober, November ' -
S Cases _ 184 ' 6 36%

iﬁib' ’ _ ' | - -TABLE 30

CONVALESCENT SEVERE, MODERATELY SEVERE AND MILD CASES

DISTRIBUTION OF BLOOD PLATELETS IN OCTOBER AND NOVEMBER

HIROSHIMA
'LeSs than 50,060 2 .
50,100-100,000 8
100,00-150, 000 8

. - 150,100 - 200,000 5
Over 200,000 5

> | Total 28

- . L 53
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TABLE 31

CONVALESCENT SEVERE, MODERATELY SEVERE, AND MIID CASES

AVERAGE PIATELET COUNTS, OCTOBER - NOVEMBER
OMURA NAVAL HOSPITAL .

NAGASAKT _
BLOOD PLATELETS
CLASS OF PATIENT NUMBER AVERAGE COUNT
1. Radiation Sickness only* 11 187,000
2. Radiaticn Sickness plus ) ,
burns and/or wounds 90 : 176,000
3. Wounds only*¥* 55 - 213,000

*These patients had no other injury except by gamma rays.
*#These patients were all inside heavy buildings and the majority were

farther than 1500 meters from the bomb. None had burns or any character-
istic symptoms attributable to gamma ray injury.
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BLEEDING TIME, BLOTTING-TIMEL AND CAPILLARY FRAGILITY,

v(l)' Very Severe Cases,

There are no records availeble of the bleeding time and clotting
time of patients who died during the first two weeks after the bombing, In
some of the clinical records there is evidence that a hemorrhaglc tendency
was developing in this class of patients, In a group of 20 patients of this
type only one developed purpura prior te his death,

(2)' Severe Cases,

The sovere purpufa that occurred in cases of this type prompted
the attending physicians to meesure the bleeding time and the clotting time
in many instances, Unfortunately, much of the data were incomplete and were
not suitable for analysis, An edequate investigation of any patient with a
hemorrhagic state should-include the following tests, if a precise diagno-
sis is to be made:

1. Bleeding time,

2, Clotting time.'

3, Prothrombin time,

4. Description of the retraetlon of the elot
5

. Estimation of plasma flbrlnogen, total plasma pTOteln, serum cal-
cium and plasma a:corblc a01d )

6, Determination of caplllary fraglllty by the Rumpel-Leede's method
: »or by some. vacunm method of produc1ng petecnlae ‘

‘.There are no case rccords avallable where all these studles were per—
formed on’ a. 31ng1e patient or even 1n a small group of patlents Actually,
all the tests except the prothrombln tlme were’ performed on. some serles of

patlents, so that a compos1te result is avallable The chemlcal studles

P
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were performed on a miked?grﬁup’bf convalescent severe cases, and convales-
vvcent moderately severe casés_aﬁdlwill be mentioned in the appropriate sec-
tion, =

A series of cases which illustrate the features of the hemorrhagic state
is shown in Table 32a, Theselpatients were studied by é group of hematolo- |
gists from Kumamoto Medical College aﬁd were selected for study on clinical

grourds,

TABLE 32a
NAGASAKI
: : N '
' SEVERE CASES - 4-8 SEPTEMBER

 STUDY OF HEMORRHAGIC TENDENCY
Total White Cell Count: Less than 1000

RUMPEL-~LEEDE!S BIFEDING TIME | CLOTTING TIME  W.B,C. EPTLATION

, ’( . 2800 13130" . 100 £

£ 23100" 12130 250 -

£ 30'00" . 16130" 350 #

A 13130" ‘ 13t30" 550 A

£ 301 30" 151 00" 550 £

£ 22130M 15130" 850 -
- 20100" - 12'30" 300 -

- 17100 15'00" 500 £

- 16100" A 14t00" 650 -

- 24,130 : - - 650 £

- 19130 201 30" €75 £

- 26'30" - 10130" 800 £

- 20t00 - 830" 850 -

- 3130" e e - 900 ¢

"~ White Cell Gount 1000 -~ 2000,

- 16730 - - - 1050 -

- - 1arsom ¢ . 12v30" , 1450 %‘

- o 61300 ©oo12130" - 1700 £

- _-10t00" Y T 14t00m 1900 £

- f__»;, 41300 11' 30" 1900 £

- . - White Oell Count: 2000 - 3000, . S '

- gi3or 137001 - 2400 -

- 7o -~ Taroom 25000 . -
- st 1300 o.3000 -

kOnly the most severely affected were 1ncluded in this group, The special
tests were carefully performéd, The Rumpel-Lecde's phenomenon was sought
after a tourniguet had been applied for 3 minutes, Bleeding time was measured
by Duke!s Methdéd, and the normal value for Japancse was said to be from 3-5
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minutes, Ciotting tlme was measured by the Sahll-Fonlo method; and normal

values in Jhpanese range from 6—10 minutes, Unfortunately, platelete counts
were not made on this group, but the rcader may recall the dlstrlbutlon of
low values in Tables 27. and 28 where 15 of 36 cases had platelet counts of
less than 25,000 per cub;c;mllllmeter; and only 3 of 36 were hlgher than
150,000, Table 32a illdstratés”fhe marked variability of the various factors,
as well as the important facts that both the bleeding time and the clotbing
time are prolonged;'and that #he»Rumpql—Leede's phehomenon does not appcar to
be closeiy related to ahy sihg1e_factor, In Table 32b exémples of the mea- |
surcments of bleeding time of patients in the Ono Hospital, Hiroshima, This
tabulation demonstrates thé'ihconstant‘character of the changes in blecding
time, |

TABLE 32b
HIROSHIMA .

 SEVERE CASES 30th - 34th DAY
;Study of Hemorrhagic Tendency

Total White Cell Count: *Le ss than 1000,

BLEEDING TIME ﬂ@g;i5~ - EPILATION CAPILLARY RESISTANCE*
16300 540 ~
21301 600 £
151 30" 625 -
- 6'00" 850 - . e
White Cell Coumtf" 10002000, . -~
47307 A0S0 e s L
Cargom 1],; 1300+ - Tl ke o T el ‘ 2. .180
R ATe's LI 100 o B L T S Tk
C4Y30" - 1600 IR . =240 -
S 330n ~1900 © e £ e et T e
'"*f3'30"‘7‘n'“ 1950. ““_hﬁiii. T e e e =270
- Vhite Cell Count:< 2000 = 3000 .. . PR
s ATO0E T 2040 oA
o 3130:!)_;.. o _2240 s ct,__: B £ e T
©6r00M 2850 il v s g e
S12100% 2300 - S
210" v - 2475 - - =240

*In mn Hg negative pressure, to produce petechiae,
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An interesting study was made in the I Medical Clinic, Kyushu Imperial

University, whére the hemorrhagic tendéncy in 7 patients with the non-fatal

form of severe radiation injury was tested serially over a period of 5 weeks,

In this clinic the c10tting'tiﬁe was measured by the capillary tube method,
normal values for which were said to be 3'00 to 4'00. The results are shoﬁn
in Table 33.

| TABLE 33

~ NAGASAKT
SEVERE CASE

STUDY OF THE HEMORRHAGIC TENDENCY (7 Patients)

AVERAGE VALUES

WEEK AFTER PLATELETS .. BLEEDING CLOTTING TIME CAPILLARY FRAGILITY
BOMBING TIME INFRACLAVICULAR INNER ASPECT
: REGION OF ARM

L 105,000  12ths" 6'30" 16.0 16.5

5 81,300 820" 61h5" 17.3 . 16.6

6 90,800  LtoQ" 530" 18.8 19.6

7 82,000 245" , 5115" 22,0 22,2

8 75,000 3'00" L+30" 23.5 .- 23.5
Normal..- (250,000 200" 3100" - ‘ (more than

~ (300,000 . 3'o0" Lroo" Approx. (25-26

The capillary fragility was measured by a vacuum device, and the results are
recorded in units of heéatiye pressure, presumebly centimeters. In this
group of patients, only 1 of the 7 had é positive Rumpel-Leede's test.

There is no question of the fact that a hemorrhagic state was a charac-
teristic feature'of;the'sevére type of the syﬁdrome of radiation injury. Un-
fortunately, thé;ciiﬁiéél 1éboratory:data»QQich'are'availab;q:were not suf-
ficiently édéqﬁ;té;té perﬁit a description ;f the‘degrée'éf:abpormality of the
variousitést33'whiéh:mighf be used in studying suchlstéfes,j‘It is dlso not
péssiblé td‘§£a?a¢£eri2§&éccurately the type of purpﬁrg %ﬁich-developed in the
irradigfed-baiéégfs;f-Aééépting the incompleté infoiﬁaﬁion'ét its face value,

-
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there appears to be & close iesemblance to the so called toxic or secondary
thrombocytopenic purpura.

(3) Moderately Severe and Mild Cases.

Even less reliable information is available on the less severely
affected patients. Thé records frequently include referenceé to the occur-
rence of petechiae or to ging;véi bleeding but there are few syétematic.re-
ports of laborétofy stﬁdies. By the time the-Joint'Commission arrived, no
instances of purpura were observed except in moribund patients, most of whom
weré d&ing from infection of:sqme sorf. One group of 12 patients were studied
in the Misao Clinic. These were classified as "average" on the basis of the
fact that the symptoms:were less severe and appeared somewhat 1ater after
the bombing than was the case with the patients listed in Table 34. The
a#eragé blood counts in ﬁh;s "average” group in the Sth week after the bomb-
ing were: ‘

Hgb - 68%; RBC - 3.09 million; WBC - 1870, Platelets - 150,000;
Reticulocytes - O. 5%

TABIE 34

AVERAGE CASES (NAGASAKI)

STUDY OF THE EEMORRHAGIC TENDENCY (12 Patients)

o . . . CAPTILLARY FRAGILITY
VEEK AFTER PLATELETS BLEEDING CLOTTING . INTRACLAVIC- - INNER ASPECT

BOMBING - TIME -~ TIME- . ULARREGION = . OF ARM
v 121,690'“_5'15§‘7 - 5'30" { 1ms 19,0
5 "':1’1;8,:000 : ,3'303': 5560“ | "‘aq.h j_‘;_‘ - )
6 182,000 315" 500" 27 - 2ho
7 174,000 '3'30“' = S
8 2oo ooo':»f 3'oo" -' ) 30‘"_' ,26" o o | é6 0

Only one-half of these patlents had exhlblted fever of any degree and
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all of them recovered. The fesult of an examination of them for evidence of
a hemorfhagie tendency is shown in Table 3k, In comparison with Table 33, it
can be seen that the bleeding time and the platelet counts show the greatest
difference; and that in this pafticular series all the'average values for
'bleeding'time and clotting time‘are within the 1imits of normal. None of
these patients had clinical evidence of purpura. In November, i.e., later
than 15 weeks after the bombing, the bleeding time and clotting time (capillary
tube method) of 30 patients convalescent from rédiation injury and other
injuries was measured}ét the Omura Naval Hospital. All the results were nor-
mal, and the longest blgeding‘tiﬁe observed was ‘4'30". The longest clotting
‘time was 3'15". These patients were all members of the group cited in a pre-
vious section.. The,aﬁerage piételet count for this class of patient st Omura
was 176,000.
SUMMARY

1. In the severe cases, the hemorrhagic state was a common finding,
which was probably declining in frequency and severity after the 7t£-8th week
after irradiation. |

2. It appears from the material_that hes been presentgd that in the mod-
erately severe and mild'céses»tpére"was.;ittlé'gvid§nce of a serious hemorrhagic

3. On the basié of tﬁé;labdfaioryiréport submitted by the Japanese it -
is seen that the héﬁor%hdgid'stéte in/patienté wi#h fhé_syndromeibf»radiafion
injurY;ClOéely.resémbieé the-sp-cdiléd Vtégié?,‘gﬁfgéééﬁdary'ﬁhrqmbocytépenic

purpura. e
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Fig. 1 (6)--Price-;Iones' curves for normal control subjects from Omura Cify;
and for 20 patients with radiation sickness.

# NM 101,)

See Figure 2 (6).

(Phioto File
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Fig. 2 (6)--Price-Jones' curves for two groups of residents of Negasaki:
Series A had no clinical evidence of radiastion disease. Series X were in a -
part of the city completely shielded from the gemma rays by the hills. (Photo
File # NM 102.) :
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Fig. 3 (6)--Comparison of Price-Jones' original normal curves, and the mormal
- control subjects from Omura City. (Photo File # NM 100.)
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Fig. 4 (6)--Dohi, 20. Female. -1100 meters. Blood film, 25 October 1945,
showing ‘basophilic stippling of erythrocytes, and an abnormal lymphocyte.
X 1200. Omura Naval Hospital, Case # 3058. (Photo File # HM 133K.)




Fig. 5 (6)--Dohi, 20. Female. 1100 meters. Blood f£ilm, 25 October 1945,
showing abnormal lymphocyte X. 200. Omura Naval HOspital. Case No. 3058.
(Photo File # NM 139K.) - , :
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Fig. 6 (6)--Tuzino, 17. Male. 1100 meters. Blood f£ilm, 26 October 1945,

showing histiocyte (reticulum cell) and abnormal lymphocyte.
Naval Hospital Case No. 3058. (Photo File # NM 1kOK.)-

- X 1200. Omura
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Section 7

STUDIES ON BONE MARROW OBTAINED BY.BIOPSY
Prepared by George V, LeRoy, Lt, Col,, MC

"Data Collected by George V, LeRoy, Lt, Col,, MC, Averill A, Liebow, Lt,
Col,, MC; Samuel Berg, Ma,]or, MC, K, Nakao, MD, K, Kish:.moto, MD,

B,
General,

- The cxamination of specimens of bone marrow obtained by biopsy is a well

.established practice in the study of diseases of the hematopoietic system,

The technique of sternal puncture is simple and comparatively painless, and
is seldom followed by serious complications. Ip the case of patients suffer-
ing from the effects of large amounts of gamma radiation, biopsy of bonec mar-
row yilelded material which could be used by fhe clinicians to determine:

a) The nature and extent of the injury to the -bone marrow; and

b) The stage and the degree of regeneration of the‘hematopoietic
functions, »

A combined study of bone marrow obtained at blopsy\and at aufopsy_has made
possible a careful cytologic investigation of the manner in which the human
tissue reacts‘after destruction of the definitive cells by gamma rays, The
large number of specimens obtained in Japen has affordedla uniqﬁe opportunity
to study these fundamental vital processes on a broader scale than has ever
been p0551ble wlth human materlal or ever attempted w1th lower animals, The
general effnct of gamma rays on bone ﬁarrow 1s well known. sufficlently large

amounts de troy a part or all of the deflnltive cells The oonsequences of this

rare reflccted in the blood by the dovelopment of granulopenla and ﬂnemla.'

Since the lymphopoietlc tissuos are also destroyed by such doses of radlabldn
dellvered to the whole bodv, eYtrcme leukopenla occurs ‘
- VIn the,case of_hgman_subaects, the 301ent1f1c llterature contained no
precise information .on the following: | J

a) The amount of ionigzing radiation required to destroy all the
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definitive elements of the mafroﬁ, and of the lymphatic tissues,

b) The amount of ionizing radiation reéuired to destroy not only
the definitive elements, but also the mesenchymal, or reticuio-endothelial
elements,

¢) The rate at which definitive cells disappear from the bone mar-
row, the lymph nodes and the blood af£er amounts of ionizing radiation, as
in (a); and as in (b},

d) The rate at which regeneration of any of these definitive ele~
ments proceeds after a dose of ionizing rediation of such magnitude that it
can occu;.

®) The manner in which a new marrow develops to replace the tissue
destroyed by ionizing radiation,

In the following discussion of the bone marrow, certain points of view
will be adhered to; gnd it ié well to present them at this time:

a) It is assumed, and with good reason, that there is a close para-
11lel between the bone marYow obtained by biopsy and that obtained at au-
topsy in a comparabie étage of the reaction after irradiation, In the prepa-
ration of this section both types of material were studied, and the conclusions
that are offered are based on 'the combined study, The autopsy specimens, how-
ever, arce described 1n the sectlon on pathology (See Section 8) because it
seemed unreasonable to dlvarce the hemat0p01et1c system from the remalnder of
the tissues, In the present sectlon, the attempt w111 be made to discuss the

marrow in a manner whlch w:ll a1d c11n1c1ans 1n undcrstandlng the changes

which occurred :faﬁg ,;:}i} o ;»Tf;! ;j"; *117-45".‘ ‘_;::.

b) It 1s assumed that the spec1men of marrow obtalned by blopsy

from a glven case is’ rezsonably representat1VO of that tlssue as a vhole, It
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for this:

well recognized that this is not always true; and it is possible that dis-~
crepancies were greater than usual in the viotims of the atomic bomb. Never-~
theless, the amount of material avallable 1s so large, and the responses are
so consistent that nn useful purpnse 1s served by equivocation of this sort.
¢) There should'be ho~question nf the propriety of a joint discus-
sion of specimens from Hiroshima and Hagasaki. Although the fissionable ma-
terial in the two bombs was different, there 1is no reason to think fhat the
type of gamma radlation wvaried significantly in quality. The effectlive range

for gamma ray injury was not materlally different in the two cities. In any

'case the discussion which follows this 1s not important because the major

emphasis will be on the type of reaction rather than the quantity of ionizing\
radilation responsible for it.
Material.

The £nllowing material was available for examinatioo:

Hiroshima

Bone marrow biopsies.......178

Serial binpsies...;.;f;.... ol T

Bone marrow from autapsies. 32 (approximately) _
In spite of the;faci.that;tﬁo Japanése were=awpre of fhe~fact that gamma rays
vere emitted by the explading bombs, and in spite of their early recognition
af the syndrome of radiatinn ingurv, few apecimens of murrow were obtained
during the firsf three weeks after the bombing. There are several reasons
. 1!1 T

a) ATheoéttendiné'oh;&iciané‘wé¥é:foooouéyhto perfOrm biopéies;
and the value of the marrow from autopsies was nnt fully apprec1ated

b) During the first few weeks most of the doctors were Army or -
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Nevy surgeons and proper speclmens were not obtalned until the research teams
from the Medical Schools arrlved .
¢) The military surgeons were less congenial to the American doc-
tors than the University»faculty members, The latter were much more generous
with their specimens and preparations,
Whatever the reasons were, it is regrettable that the material from the
ecarly cases, i,e,, the ones whose sickness and death occurred in August is

N

relatively scarce, From such cases, the following specinens of marrow are

available:
Hiroshima BiOPSYeeseoeseR
Autopsy.;.....7
Nagasaki BiopSY...;....O
Autopsy,......0 '

Pachnical Methods,

The specimens of bone marrow were obtained iﬁ mosﬁvinstances by sternal
puncture and in a few instances by pﬁncture of the spinous process of a verte-
bra, The Jepanese doctors used a variety of needles and trephine needles,
but in general seemed;to prefer the simplest arrangement, One physician, Dr,
MASUYA of Kyushu Imperlal University, obtalned marrow from fresh cadavers
us1ng a carpenter's glmlet and a small needle and syrlnge - The amount of mar-
row that was aspirated was usually small and the sllde preoerations were |
qulte sati factory as a rule In some CllnlCB the number of erythrocytes and

ucleated cells was counted, but thls was not done generally.A These~slldes
'were f ed w1th methanol and stalned w1th dllute Glemsa staln The b10ps1es ’

- *that were performed by members of the Jolnt Comn1551on were done 1n a similar -

manners w1th the exceptlon that erght's staln was used, and then the £ilm was
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counter-stained with Giemsa,

NOMENCLATURE

The science of hematology is complicated by the various systems of nomen-
clature that have been introduced, In discussions with the Japanese doctors,
an effort was made to determine which system they employed so that their re-
ports and clinical records of éarly cases could be interpreted properly, For
the.discuséion that follows it is desirable to present the nomenclature which
will be employed; and in the case of the cell with diverse.names, the cytolog-
ical descfiption of it, ‘

(1) Definitive blood cells: This term is applied to all stages of the

typeé of cells that are found in normal blood, It is used specifically for all
the members of the granulcéytic series, the erythrocytic series (excépting the
megaloblasts); the large, medium-sized and small lymphocytes and the normal
lymphoblasts; the megakaryocytes and platelets; and the ordinary monocytes,
(2) Reticu@ggi This term is used in a general sense to include reticulo-
endothelial cells of any type, macrophages, histiocytes,-clasmatocytes, ete,
In & narrow sense it is used to refer to the elongated stellate cell with non-
granular faintly basophilic ground-glass type of cytoplasm,'with an oval, ves-
icular nucleus énd amall, inconspicuous  nucleoli which gppeared in large num~
bers among the fat célis; and betWeén ihé faﬁ cells and'sinusoids, and within
the sinusoids of the ﬁarréw;j Rouhdgd, free forms bf‘this same general type

were also designated,reticulﬁm cells;'

“(3) Reticular éleménts: This term is used in a general sense to desig-
nate the various types of reticulum cell (as in-2 above) as well as & variety
of'monoﬁucléér cellsfépparéntiy>derived from, or at least existing in close.

proximity to. the reticulum.,
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(4) 1Blasts: This term is used for cells with the following character~
isfics: The cytoplasm is-homoéeneous,‘nongranplar, comparatively scanty and
basophilic, The nucleus is generally rounded, but no significance is attached
to variations in shape so long as the chromatin threads are of fine quality and
clo;ely packed, The nuclear membrone is thin, Nucleoli are considered a pre-
requisite for the diagnosis of 'blast, No significance is attributed to the
number or shape of the nucleoli, No effort is made to distinguish."myelo—
blasts"‘from "lymphobiasts" or from "monoblasts", The use of special names.for
imature types of 'blast has been avoided, A regular series of sfages inter-
mediate between the typicai 'blast of normal marrow and rounded "free" reticu-
lum cells was encountered. The cell is designated as 'blast or reticulum cell,
depending on which characteristics preponderated, _ |

(5) Progveloczge:. This term is applied to cells with the general speci-
fications of the tblast (as in 4 above) which have ﬁon—specific azurophile
granﬁles in the‘cytoplasm.

(6) elocyte: This term is applied to cells which contain the specific
type of gfanulation} ‘neutrophilic, eosinophiiic or basophilic as well as the
nonspecific azﬁrophile granules, In practice it is convenient to consider that
granules wvhich are seen’oveflying}fhe mucleus are of thg non-specific type. The
nucleus of such cellé isﬂgénerally ﬁoré‘métdre with‘coarée bands of deeply
staining chromatin apd;pfqmihéht miclear ﬁembfanes,‘ |

(7) Metamyelocyte;f'ThiS'term7is‘appliéd to éélls:which*contain only the

specific granulation. ;fﬁaam£a$inn.Of‘théanuéleus is'consideféd a desirable,

but not a necessary characteristic,- I -

(8) Stabzforms:and Poly: These terms are applied to the nonsegmehted and

" segmented mature granulocyte, respectively.
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19) Lymphocytes£ The characteristic small, medium-sized, and large

lymphocytes that are seen in normal blood films should not cause any special
difficulty in identification, There is l1ittle likelihood of confusion in res-

pect to these terms,

(10) Abnormal Lymbhocytes: This term is applied to a series of mononucle-

ar cells of quite distinctive appearance, Tﬁe cells are of various sizes, some
as small as 10-15 microns, others as large as 35-40 microns, The cytoplasm 1is
abundant and homogeneous and'éontains either no granules or small azurophilic.
ongs, In some instances the cyto@lasm is clear and glassy with only a faint

" tinge of basophilia, which tends to accumulate as the periphery of the cell,

In others, the cytoplasm is more basophilic, flocculent, or‘of a ground-glass
appéérance. Vacuoles are infrequent) except in cells with very marked baso-
philia (as the Tﬁrek-typc cell) The nucleus. of ‘the .abnormal 1ymnhocyte is
also variable in appearance, but there appears to occur a deflnlte oerles of
types., It 1s usually round and excentrically located, At one extreme the
‘chromatln occurs in rather large clumps or threads, and there is so little con-
trast between chromatin énd‘parachromatin that the nucleus appears homogeneous,
At the other extreme the nucleué is vesicular, and the chroﬁatin occurs in a
fine meshwork, and there is somewhat more contrast ‘with the parachromatin, Nu-
cleoli-are small and>;nconsplcuous, and the nuclear membrane is fine, Many

of the cell° to which this de31gnat10n is applled are 1dentlca1 in appearance :
with the famlllar "atyplcal lymphocyte" of 1nfect10us mononucle051s lhe d1—
ver31ty of forms is even greater, however, in the material from the patlents

exposed,to gamma radlatlon - In some 1nstances (sec below) there is no doubt

.but‘fhat typical'speéificvmyelold»granulatlon developed in the cytoplasm of the

"abnormalnlymphocyte.“‘ When this type of cell is encountered; it isfdesignated

7(7) | T3




.a "myclocyte,"

(11) Plasma cells: This term is used in the conventional manner for a

whole series of mononuclear cells varying in size from 10 to 30 microns The
cyfoplasm is non-granular homogeneous and strongly basophlllc, and contains
~a pale reglon or a vacuo]e adjacent to the nucleus, The nucleus is always
round and contains coarse bands of dark staining chromatin, often arronged
radially, which cotitrasts shafply with the very pale parachfomatin, In the
going fofms, one or two small pale nucleoli are seen, Thc nuclear cembrane is
indistinct, and the cells frequently contain two or more muclei, In general,
any cell which resembles the varieties of mononuclears to be scen in
multlgle gggloma is called a plasma cell,

(12) onocxges ThlS term is used in a conventional sense to describe
large mononuclear cells with abundant pale, basophilic, lavender, cytoplasm
containing a variable humbcr of fine azurophile granules, Thc nucleus is often
indented, or lobulated, and typically has a folded appearance, The chromatin
occurs in moderately fine inteflacing threads, relatively'widely sﬁaced with -
dark nucleolus-like accumulations, The cytoplasm of monocytes iﬁ bone marrow
frequently contains vacuoles These oells often presented great difficulty in
identlflcatlon, and the use of the tern was restrlcted to very typical eyamples

(13) 1stmocx§e Thze torm is applled to’ large cells with abundant flncly
granular, palely basophlllc, ground-glass type cytoplasim, Phagocyted‘pigmonted
partlcles and cellular debrls 1s seen in many. The nucleus is oval, ves1cu1ar,_
w1th a fine nucloar membrane and a few small nucle011 The presence of phag-
ocytosed materlal in a large cell alwnys Justlfled the de31gnation of histio-
cyte, 0bv1ously 31m11ar cells, but w1thout phagocytos1s are 51m11ar1y ]a—
belled, These cells are called macrophages,valternatlvely. In the differen~

tial counts all the reticular,eloments recognizable .as such are included in

8 (7) T




the category of histiocytes, In the discussion that follows, histiocytes are

frequently grouped with "reticulum cells",

(14)  Nucleated red ceils.‘ The decision was madé early in the study to'
classify the nucleated red cells ih a simple manner, Accordingly, they are
differentiated only on the basis of whether they contain hemoglobin: normo-
blasts; or do not contain hemoglobin: erythroblasts.‘ It was decided to
distinguish megaloblasts, if found, in this,manner:: Very'large cells with
abundant, densely basophilic, nongranular cytoplasm; the nucleus is round,
relati&ely small in proportion to the cytoplasm, has an indistinct nuclear
membrane, a rather vesiculér nucleus with lacy chromatin, and inconspicuous,
large, irregular nucleoli, The type cell is that seen in pernicious anenia
in relapse, and it was thought that typically théré should he a series of more
mature hemoglobin-containing forms with the chafacteristic nmucleus, Large
basophilic nucleated red ¢ells were seen in abuhdance in the Japanese material;
but in no casé were all thé criteria for phe designqtion of’megaloblast satis-
fied, It seeus 1ikely that in.thesc preparations, the majority of cells so
named would be called "pro-erythroﬁlasts" or "pfonormoblasts" by most
hematologists, |

The most immature stages of the erythroblast are difficult or inpossible
to differentiate from 'blaSts:'»ih moét:inqtances;éhowevér,'the basis for iden~
tlflcatlon as a nucleated red cell. (erythroblast) is the greater density of
the basophlllc cytoplasm, the ‘coarse quallty of the nucleus, the nore dlstlnct
nuclear mombranc, and the smaller, 1ndlst1nct nuclel

(15) Mbgakarvocvtes~ ‘The ternm is used in a conventlonal mannvr and the

1dent1flcat10n is not dlfflcult in smggr prepar%tlons In tlsoues, nowcver,, »

multlnucleoated retlculum cells frequont]y make 1nterpretat10n a problem

) | 9 (7) 75




Normal Values,

'Thé average values for differential cecll counts of sternal marrow ob-

tained from normel Japanese subjects is presented in Table 1,

for Occidentals are offercd for comparisbn:

AUTHORITY

Myeloblast

Promyelocyte

Neutrophil myelocyte ..
Neutfophil netenyelocyte
Neutrophil stab form
.Neutrophil polymorphonuclear
Eosinophil (all stages)
Basophil

Lymphocyte

Mbnocyté

Histifocyte

Plasma Cell
Erythroblast

Normoblast

Total Nucleated Cel}s

Myeloid:Erythroid Ratio

#*Komiya-Text book’df}Hématology, published in Japan,

**Misao, T -Sec'éppéndlx Reference

was made in 1945-of .28 normals, for comparison with the findings

patlents with radiation injury,

. This is a useful group.

Similar velues

(TABLE 1
JAPANESE OCCIDENTAL
KOMIYA¥* MISAQ% WINTROBE %

1.8 - 1.4 2,0
3.8 10.9 5,0
5.1 8.7 12,0 .
7.8 12, ) 22,0

16,6 15,0 %

20.2 11,9 20,0
ba? 43 3.5
0.3 - 0.5

16.8 17,3 10,0
3.1 0.8 2.0
1.0 0.2 0.2

- 1.1 0.4
3.0 6.1 4.0
16,0 10.0 - 18.0
100,000 100,000~150,000 100,000
3:1 4:1 3:1

The Study

in the

***Wintrobe, M,M, "Clinical Hematology," Phlladelphla, lea & Feblger, 1942,

Page 44,

10
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Classification of the material: date of biopsy.

Gi; ' In a general feview of the biopsy material it was found that it could be
grouped'conveﬁiently on the basis of the time of collection. This distribu-

tion is shown in Table 2,

TBLE 2 :
HTROSHIMA NAGASAKT
- . -

6 August Date of bombing 9 August

2 During August 0

33 | 1-14 September 42

L1 / g | 15-30 September 6

19 6ctober 91

5 ‘ ~ November  2h

0 -~ December 15

@ : 80 Total : . 178

Type of Patient.

With a verj few exceptions,ubiops& of sternal marrow was only performed
on patients with frank glinical evidence of radiation injury, or on those in
whom it was é reasonable bcssibility. For that reason it is to be expected
that.£hey were close to ﬁhé céntef Qf‘the explosion. The distribution of the
patients in rélat}on io théir,appréximate distance'}rom'tﬁe bomb is shown in

Total Nucleated Cell Counts., .

Counts of the‘hnCleated cells in-ﬁhe bbne.marrow obtained by aspiration

+

biopsy were not made‘ih'evefy Ease.i A'eﬁfficightvnumbef of representative
ones are avéilable;jﬁﬁweVef;At;‘ii;@étrate-the_trénd:6f tnislvalﬁe in ﬁatiénta
with seﬁeréi radiafion iﬁjﬁries.v (éee fable;S). The normal value for Jépa-
G;} nese is 100,000 to 150,000 per cubic millimeter.
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TABLE 3

HIROSHIMA PATIENTS DISTANCE FROM BOMB, METERS NLGASAKT PATIENTS

9 0-500 i 6

36 600-2.000 _ | 23

20 . +-1100-1500 : 57

2 | 1600-2000 21 .

> 2100-2500 | 9

0 - 2600-3000 ‘ b

0 ’ Not stated . 3k

69 Tover 1k

The diagnoses which appeared in the clinical records of the patients

studied are listed in Table 4.

HIROSHIMA - DIAGNOSIS® NAGLSAKT
62 88% Radiation injury . 128 9%
1 166 Burns 65 50%
L5 6% Wounds 56 43%

8 - . 'Not stated 13

j

‘ *The number nf.d;agnoées édds up to more than the numbefiof'éases (See Table
3) becausevmany,pat{énts had more than one injury. The percentage (table k)
are calcuiéted_&mgfhe»bQSis of 129 patients for Nagasaki; and 71 for Hiro-

‘ghima,




HIROSHIMA

AVERAGE

TABLE 5

TOTAL NUCLFATED MARROW CELL COUNTS

NUMBER QF CASES

TIME OF
FZAMINATION

11,000

90,000

81,000

25

14

1-14 September
Range for Hiroshima:
1100 - 62,000

Range for Nagasaki:
800 - 40,900

1-21 October

Range for Hiroshima
21,00 - 250,000
Range for Nagasaki:
60,00 - 270,000

1-31 November
Range for Hiroshima
29,500 - 150,000
1-17 December

‘Renge for Nagaaéki

16,400 - 120,000

13 (7)
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11 168,000
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DIFFERENTIAL COUNTS OF BONE MARROW: GENERAL

It is customary to réport the result of examinationtof bone marrow
biopsy material in terns of a differential count of 200-500 cells. The
éreparations.from the victims of the atomic bomb were all studied and count-
ed by the same person to insure consistency in the interpretation and re-

cording of the counts, Ideally, it would be'desireble with such large num-

bers of cases, after calculating'mean values for each type of cell, to

treat the data statistically in order to demonstrate the deyiations from nor-
mal, Unfortunately, such treatment of marrow differential counts is not
very satisfactory because of the wide variation in the distribution of in-
dividual cell types, This factor is illustrated in Table 6 where the means,
standard deviations, and range of normal variability for each cell type in
normal.marrow are shown, 'It is apparent from the tabulation that small or
subtle changes in the differential count of marrow obtained by puncture bi-
opsy need not be anticipated, and cannot be proved satisfactorily, In spite
of this qualification,'it is desirable to present the results of the counts
in appropriate groups, with mean values for the various elementsrto facili-
tate comperisons.

The Type of Injurv,

‘Throughout the éntire étudy'bf the'mufrow, the focus of -interest was on
the nature of the changes attrlbutable to joniz 1ng radlatlon Because of
thls, patlents were selected for blopsy because they presented Symptoms of

radlatlon 1n3ury, or because it was suspected to have occurred Many of the

» subgects, however, had sustalned other 1nJur1es, or had acqulred complicat-

1ng infections, or- suffered from malnutrltlon ,Any,or all of these factors

Y (7) 80




SABLE.G

SELLTSLTGAY DARD, = 52 MEATOIY MALLGS .
AlL volven i pec senb

GELL TS MEAN  BUANDAND DEVIAETON
ngye:l.ébinw S ' 0.6 ’
Promyelocyte » 'v‘.l.‘.ls. O‘..& |
Myelwoyte 15,0 ' 3.@‘
Motangoloogto 5.7 5,2
CStebForm 108 3.9
Polyimorphonuslear EO:.,-@) - . 5.5
Lymphoaﬁte S 168 4L.8
'Idnoc:y’b@ | | 1.;‘? - 0.6
Plasna Colle Ol _ 0.3
~ Histiooyte 03 0.1
Nucleated Red Cells 12,9 hub

#s@gardfatﬂ. s B.y "Ueber Sternalpunkticnen'
Acta Medica Scendinavica, 1935, Sppl. 6l

RANGE, OF VALIES

0

0 .
3.7

6o°

lw‘)’
2.5

o O o©

- 3.0

3.6
2645
-'35 o 1!-

’ .'21. ¢ 7

103

Al
b9
Lk
0.25

26,1

sl plus or minus three standard deviations is gencrally acdep’c.ed as the

indts of normal veriahility.
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are theoretically cééable,of prdvoking reactions in the marrow which might
alter the paﬁtern of injury or regeneration induced by the gamma rays, Ac-
tually, no such effect was found when several groups of patients who were
biopsied at similar times were compared, A typical sample of the type of
result from this sfudy-isfshéwn in Tabie 7. On the basis of this analysis
it seems justifiable to éonsider all the patients together and to form

groups for comparison on the basis of the time at which they were studied.

" The Time Realﬁionship1

The examination of the autopsy material has shown that regeneration of

some sort can be seen in nearly every specimen obtained from patients who sur-

: vived longer than approximately 7 days after the bombing, This observation

is in agreement with~compafable animal experiments, Because of this fact, it
is important to bear in mind that the bone marrow obtained by biopsy represent-
ed samples from regonerating marrow, It is desirable, therefore, to study

the tempo as well as the nature of the regenerative process., Unfortunately,

- these considerations were not completely apparent to the Japanese physicians

who performed the biopsies on the early cases, and for this reason, specimens
were not_always obtained at the m0st propitious times, The trend of tbe proc-

ess of regeneratlon is best demonstrated 1n the material from Nagasakl Ly~

erage values for»the dlfferentlal,marrow cell count during certainvintervals 4

after 9 August are preséntedjin Table‘S The fate of the individual patlents,
partlcularly 1n the tlme—perlod 1—14 Septomber, 1s not known in every 1n—

stance, so that 1t is necessary to 1nclude here the ones that died with’ the

Zsurv*vors Regardless of thls fact there is a deflnlte prove531on of ch&nges

in the percentage of each cell type as. recorery proceeds When these mean

values are con51dered in relation to the total,count of nucleated cells, it ié ‘
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EFFECT OF OTHER INJURIES ON MARRCH CHANGES

' 1-14 September
TYPE OF CELY -

A‘BOOI

| Promyslocyte 5.3

N. Myelocyte Ly

N. lletamyelocyts - 4.7 -

N, Stsb = ¢ 6,0 -
No Poly s 309

Eosinophil (all) 231

Lymphocyte 3.6
L-fonoéyte B ‘3,'.3
.Hispipéyte_’.'. 9.2
Plasma Cell 11.8
| Dpythroblast = 1.6

Normoblast-: o . 8.8 i

~ Number of Cases 32

#R:  Radiation injury oxq.y.

» .Ii 4 RBW

3

DATE FXAMINGD

DUE_TO_GAIiA RIDIATION. (VAGASAKE)

16=31 October

Py OF R
T PATIENT
50'1 | 097

5,0 | I
0.9 1R
2. 12,5
LO . 185

305 . 1005

3.0 3.1
R S

Oue . 1.4

10.5 - 01
8,2 1.1

0.9 b
7 22,6
10 12

i :

RB: ‘Radiation injury plus burns

Ri: Radiation injury plus wounds

RBI': Radiation injury plus burns plus wounds,

\

17 (D) :

0,8
1.8

8.0

il

2.3

12,4,
heb

- 5.1
' ,0"9

0.4
Ogs

72

2.0
O.bs
1.3
ko6
19.0
20

75
6.6
Ll
0.2
L3
5.1
2.7
10

83
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TARIE €

HAGASARL

AVERAGE, DIFFERENZIAL CCUNIS OF STERNAY, MARROW

L A T E

CELL IYPE dodh Sonte 15-30 Sant, 115 Ocb, 36=31 get. Hev. Dece
Blost 3.5 2.8 1.2 1.0 - 10 1,0 "
?rémyelocyte 5.2 3.9 3 25 2,0 0.7 )
N.Myelocyte 3.8 0.2 | 1.6 ’ 8,7 5.1 IR,
I JMetamyelocyte L2 2.6 1.3 12034 1.8 1.0

M.Stab form 5.5 18.7 19.8 - 9.9  23.6 240
N, Polys 3,8 12.3 5.4 12,0 131 15.8

Eosinophil (all) 2.3 2. 55 5.5 59 b5
Iymphocyte | 40.2 16 o 5,6 6.7 9.9 1bol
 Monocyte o1 2,3 . 1.0 1.3 2.0 b
Histioeyte 9.5 1.5 0.5 0.3 Ouh 1.2
. Plasma Cell 11,0 3 1.3 R L7 1l

Erythroblast 1.k 0.3 - 5.9 6.5 3.5 L.
Normoblast - N 15.4 17.8 22,2 18,0 13,2

Number of cases 2 6 - 2l 6'7 2 13

Total Nucleated ' ‘
Cells (from table 5) 20,600 168,000 60,000 )
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 earlier. (See table 8) nvw? : :-:V; "ﬁ'i;" P

* possible to visualize in a general way the rate of regeneration of the 4if-

ferent definitive elements‘of bhe’marrow.r In the course of study of the
material ib was found thaﬁ}it-was very convenient to consider the marrow cells
in four broad groups: } _ /

1) Myeloid-All the members of the'grannloeytic-eeries,

2) Lymphold-The small, ﬁediumésized large, and‘abnormal lymphocytes.

3) Reticular-The plaema cells, monocytes, histiocytes, and all other
frankly reticular elements.

) BErythroid-The erythroblasts and normoblasts.

This'type ofigrouping, in eddition to permitbing an easier compreheneion of the
general pattern of divergence from normal, can also be used to calculate the
MYeloid:erythroid_ratio. 'Phis ratio is a2 useful expression to indicate the re-
lative extent of activity’of each of these two vital systems. Uslng the sim-
plified means of presenbation,‘+he'avereges of all the differential counts for
each clty, are listed in Table 9 and are shown graphically in figures 1 and 2.
It will be seen in Table 9 in the time period 1-14 September, for the Hiroshim

patients, that there is a.division of the average values on the basis of wheth-

_er the patient lived or died. -The difference ls striking. Unfortunately, the

records do not Dermit such a division of the data from Negasa&i but there is
no good reason for thinking that the resulte would not be similar. It qhouldl
also be noted that in the "pie" diagram of Figure 2, all the differential

counts for the two periods 15 30 ertember, and l 15 October, lre grouped to-:

gether ThlB is quite proper since a considerdtion of the individual counts -

in each group qhowed thmt the simildrities were striking, and that the excess- o

aive erythopoieeiq of the time peried l6 31 October, was seldom 1n ev1ience

From a study of the averages of the differential cell counts of bone
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'R: Reticular; E: Erythroid

siKopiya, See table 1.

CONDENSHD DIFFERENTIAL COUNTS AT DIFFELEﬁT TIME PERIODS
HIROSHIMA | , o | NAGASAKY
TIME_PERIOD

¥ L R E isE RATIO ERATIO K L R B
36,1 26.6 221 13.4 2.7l 1-14 Sepb.Ail Pts. 3.0:1 28,3 40,2 2.6 9.9

18,3 39.6 363 5.9 3.2:1 " Pts.who o |
i ' I o died - - - - -
59.3 15.8 8.0 16.9 3.5:1 Pts, who , .
survived - - - - -

624 8.7 b 242 2,61 15-30 Sept. 3.8 60.7 164 7.2 157
6.0 151 3.7 202 3.0:1  1-15 Get, 2,911 679 5.6 2.8 B
4.3 24,2 .47 2.8 1.9:1 16-31 Uct. 2.2:1 619 6.7 2.7 287
58,9 18.2 3.9 19.0 3.1:1 November 3.0:1 6.5 9.9 k1 2.5
T T W= - ... December .. . 3,501 62,0 16— . 6.7 11,;9. -
64,5 17.3 2.1 16,1 4.0:1 Normal A% WOl Bh5 173 2.1 161
0.1 16,8 4.1 19,0 3.2:1 lNormal B 3.1 601 168 k. 19.0
Wl Vyeloid; Lt Lymphoid Wilisao, See table 1.
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marrow, certain geﬁeral-brinciples can be recognized which will not only aid
in undefstanding the reaction'es a whole, but also help in the interpretation
of the findings in indieidual cases. These general principles are as followe:

1) Regardiess ef the eltiﬁate outcome in individual cases, the group of
patients that survived and were biopeied in the period: 1-l4 September, or
3% to 6 weeks after the bombing, showed some evidence of myelopoiesis and
erythropolesis. Judgingrfrom the nyeloid: erythrold ration the relative amount
of regeneration was epproximateiy equal in eaeh system.

2) When the differentisl eounts were classifiee on the basis of whether
the patient survived or dled, there was a striking difference in the percent-
ages of myeloid and erythroid cells of eaeh group. In the case of the former,
the values were 59.3% and-l8.3% for surviving and fatal cases, respectively.
In the case of the erythroid series, the values were 16.9% and 5.9% respec-
tively. It is'known fromiastudy of the autopsy specimens that proliferation
of the reticulum in the bohe‘marrow occurred in virtually every patient who
sUrvived.longer than 7-10 days after exposure to the gamma radiation. It is .
also. known from the pathologieal material that at some time in the period:
7-21 days after the bombihg, the first evidence of myelopoiesis and erythro-
poiesis was found Putting all these observafione together leads to the con-
c¢lusion: that the extent ond the rapidity of the met?morphosis of proliferating
reticulum 1n the marrow 1nto ‘myelopoietic and ervthropoietic tissue are criti-
cal factorq—for survival ‘ -_A “ —

3) In the first group of Nagassakl patients etudied in the time period.
1-14 September there was a marked shift to the left of the granulopoietic sys-
tem. This can be expreesed quite readily by the ratio 'Blests Eolys, wnich
was 90% at this stage. In the next period: 15-30 September, the ratio was 25%
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and after 1 Octeber, the ratio was normel, or less than 10%. This observa-
tion can be interpreted to indicate that on the aversage, myelopoiesis achieved
an approximately nofmal_pattern about 7-8 weeks after exposure to tne gamma
radiation emitted by the gtomic bomb.‘ This finding is especially interesting
because it has alresdy been shonn~(see tadble 5) that the hlghest values for
tot:l nucleated marrow cell counts occurred in the period: 7-l2 veeks (i.e.
during October) after the bombing.

L) In the materisl from each city, the maximum intensity of erythropoi-
esls occurred in the pefiod: l6-3l October, or 10-12 weeks after the bombing.
The evidence for this observation is the myeloid: erythroid ratios, which were
1:9:1 and 2.2:1 for Hiroshims end Nagasaki material respectively in that time
peried. These were the lewest values for the M:E ratio thet were seen in any
period.. They are especially significant because the nighest total nmucleated .

marrow cell counts were fcund during October. In Biopsies obtained in Novem=-

‘ber {i.e. later than 12 weeks after the bombing_) the ratios were normal in

each series. The average values found were 3.1:1 for Hiroshima, and 3.0:1
for Nagasaki.
5) The only nerked difference befween the everege differential count of

MATTOW - cells in the material from the two cities weq fnund in the percentage

-of lvmphocytes in the specimens collected during October and November. ‘There

‘does not eppear to be eny simple explanation for this finding. .

6) In the tabulation of the averege differential counts the megakaryo- o

'” cvtes have been omitted This was done because of the great varlatlon in the'
:.1peroentages found.< In general, it may ‘be sald thdt the megokaryocytes apd the.

‘blood platelets returned to the marrow ﬁnd the circulatlng blood at the same

N -

rate as the granular leukocyteq The behavior of these elements is described
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in the sections on Blodd;'(SeC£ion 6) and in that on Péthdlogy (Section 8),

7) In general, it appeared that the averagé bone mérrow, as judged by

" the differential cell counts, had returned to normal in November, 1945, or

N

12-16 wecks after injury by the ionizing radiation of the atomic bomb,

. TLLUSTRATIVE CASES

One of the most interesting features of the specimens of bone marrow was
the remarkabie diversity of the material obtained from patients early in the
course of the syndrome of radiation injury, This was due in part to the fact
that'the appearance of rapidly regenerating marrow changes~almqst fron day to
day, and certainly from weék‘to week, Since the majority of the biopsies w;re
not made according to an& schedule or plan, it was not surprising that these
differences would be great, Even when the examinationwaas not performed at
random, it was usuvally found that samoles obtalned from patients in apparently
identical stages of recovery after equal exposure to radiation would be entirely
dlfferent It was apparent from these observathns that the recovery proc-
ess could occur not 6nly.at varying speeds, but also in varying.ways. Before
describing the cytologic details of the regeneration, it is appropriate to
present some specific exémples of patients who recovefed, and on whom serial
bone marrow bilopsies werererformed It is 1mportant from the clinical stand-
point to discuss the reactlon of the marrow to radiation injury, with partic-
ular regard for the p0951b111ty and the mechanlsm of rccovery.

-~

} As a prellmlnary to the presenfatvon 01 the records of surv1vors, 1t is
de51rable to con51der tnree patlcntb who dled w1th typlcal symptoms of ‘seve re
radlatlon 1n3ury a few da after blopsy of the sternal marrow was performed

A1l three‘patlents wgre,ln Nagasakl, .Two,were ;n;brlck.bu;ld;ngs;at;500_mpters
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TAEIE 10

FROTOCOLS OF 3 FATAL CASES

ACE
SEX

Distance from center, meters

Type of building

Other Injuries

Epilation

. Purpura

Oropharyngeal Lesions

Blood Exam.(see figure 3)
Marrow Examination,Total Nuclested cell counte

'Biasta

Promyelocytes

N‘.'Myélocyﬁe

N .Metanwelocytg
N. Stab Form’
N, Poly
Eosinophil (all)
Lymphocyte
Ménocyte ‘
Histiocyte
Plasma Cell
Erythroblé.st

Normoblast
Myeloid:Erythroid Ratio

2 (7)

KU
17

Female
500

Factory .

None

Yés

Yes

Tes

800

0.4

0.2 .

0,2
Ol |
2.8
2,6
6L.0

1.8

22,4

1.4

3.8
1.3:1

KU 29 Kum 23
28 35
Male Male
1000 1500

- Factory Wooden Hse

Nonae Burns

YTes Yes
" Mo No

No Yes

2950 5150

0.3 2,0
09 T2
1.1 1.6
1.6 10,8
10,8 15.6
26,5 3.2
1.7 2.8
s
0.5 3.6
0.9 13.2
o 0.2
3.8 106

) 120631 1y,0:1

%0



and 1000 meters;'respectively. ‘The other was in a wooden building at 1500
meters. The relevanf clinical datay and the results of examination of the
blood and the bone marrow arc presented in Table 10 and summarized in Figure
3. ' These three cases are particularly intéresting because on the same date -
26 days after exposure to fhe gamma rays, cach had a quite different and quite
distinctive type of marrow, In the other case records that follow, examples
will be shown of patients who survived and who had some one of these same
types of reaction in thc marrow in the early stage of tﬁe disease.~ This point
is worthy of cmphasis if only to hinder the formation of fixed ideas of the
relative seriousness_of one or another type of marrow reaction,

(1) Case KUM 87. Male, 33, 1200 meters (Nagasaki)

Paticnt was in a wooden house which collapsed, trapping him under it, He sus-

tained only minor lacerations of the arms, Epilation of the scalp commencad

15 August, This was followed by pharyﬁgitis, gigivitis, and purpura, He

was treated at a hdspital with frequent transfusions frdm 11 September to 20

- September, He was discharged from the hospital in good condition on 19 Octo-

ber, S
EXAMINATION OF THE BLOOD Hb,  RBC WBC Platelets
9 September - - 1900 -
11 September - WE 2,25 170 29,000
17 September - 39% 1,75 2600 . -
2/, September 5 C50% 2,9 4450 ' 1,115,000
1 October Co59% 2,90 6780 | |
10 October . - 69% 3,28 13100
- 25 (7) ' 91
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Differential Counts,

. Stabs - Polys Lymph,  Mono,  Eosin,  Plasms
9 September 3 6< 74 5 7 3
11 September ‘ 3. 5 85 4 3 -
¥17 September 20 6 62 8 2 2
24.Scptember 12 25 | 48 6 7 2
1 October - 10 25 40 13 12 -
10 October 8 | 9 39 3 41 -

#A few metamyelocytes were seen,

Additional Léboratory,Data, Reticulocytes varied from virtually none on 11

September to 7.7% on 24 September.' The longest bleeding time was recorded
as 16 minutes on 9 September; and the longest clotting time was 14 minutes 30
secords on the same day,

Examination of bone marrow,

The results of the three biopsies of siernal iarrow are presented inb
Table 11 and are summarized in Figufe-A. (See also figure.lB).

- (2) Case KIU-48 Female, 19, 1200 meters (Nagasaki),
Patient was standing in a wooden, earth-covered shelter which collapsed., She
sustained mild unspecified'injuries,._Dpring'September she had an ulcerative
gingivitis, Theré was no{épilatiéﬁ; She was:tfeéted in the hospital with

liver extracts and iron and was. discharged as cured'19,0ctober' 1945,

Laboratory.Data,

Date c m- RBC 2 WBG

8 September 636 - - 2,66 1200
10 September - - 32% . ¢ 2.32 1000
18 September o A42% . 2,50 2400
21 September. - 605 1,47 - 2,00 .
24, September 65% ’ 2,96 5600 No other data are avail-

27 September = - 63% » 3,10 4600 able on this patient,
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KU 87

 DIFFERENTIAL COUNT OF STERNAL MARRQY
| o s@tamber 14 September 19 September
"Blasts . I I ) L.2 é.o
Pf-onwelocyte _ o - 8.2 15.5 13.4
N, -Myelqcyte_ o 1.0 167 5.7
No Métamyelocyte o : 2.8 6.0 | 12;5
N, Stab Form | 2.6 3.9 20,0
N. Poly 0.6 0.5 6.0
Eosinophil (all) : 2.4 2,6 16,0
Lymphocyte 'A 18.0 23.2 2.9
Mdnocyte | ' - 0.3 -
Histiocyte o | 8.0 6.3 0.3
Plasma Cell | - o | 1.2 8.7 0.4
Erythrobiast ' . 2.0 3.2 0.8
Normoblast D - X 21,8 11,0
Myeloid:Erythroid Rafio o ' l>.9:i | , iah:l 8.2:1
Total Nucleabed Cell Comnt 17,300 17,800 68,000
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Laboratory Data-continued

Dete | Hb,  REC - WEC
30 September . 60% 2,25 6300
3 October 65% 2,22 3800
7 October , 65% 2.25 5800
10 October _ 65% 2,50 7000
19 October : o 4% 4.50 7000

Examlnatlon of bone marrow

The results of two blopsies of sternal marrow are prcqented in Table 114
and are shown in Figure 5,

(3) Case H-6030-U, Male 24 1000 meters (Hiroshima)

Patient was inside a_wooden building, He sustalned no injury except
by radiaiion, Epilation occurred 15 Avgust and he entered hospital 26 August,
_Purpura was observed on 27 August, and ulcerétive oropharyngeal lesions de-
vélOped early in September;' He was discharged as cured 2 October 1945, '

Laboratory Data,

Date Hb. REC B
7 September 90%  3.36 700
0 L - 1500
l it - - 2400 ’

The differential count on 7 September was: Mbtamyeldéytes...........4%

Polysnioooooiaoooo-ot.-Q‘ZPO%
Lymphscovaotnncoo.aloooo 52%
Mown'o-cy—.teso.cvoqorcct-o.v.oo

Examlnatlon of bone marrow

The results of three b10p51es of sternal marrow are shown in Table 11B

~and are summarizéd in FJgure 6.

(4) Case H-6010-U" Male,' D28, Less than 1000 meters. "(Hiroshiﬁa)
Patlent was 1ndoors 1n a Japanese bulldlng whlch collapsed on his head,
renderwng him unconscious’ for .an unspe01f1ed length of tlme Epilation com-

menced 17 August He entered the hospital 28 August, Petechiae appeared

8 (M — oh
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Table 11A-KIU-48

TABLES 11A and 11B

-

DIFFFRENTIAL COUNTS. OF STERNAL MARROW

Table 11B--H-6030-U

#*This wds a‘pobr préparation-only 19 recognizable cells could be found,

29 (7)
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11 Sept, 5 Oct, 7 Sept.* 26 Sept. 16 Nov,
1Blast 1.2 0.4 - 1.3 2.4
Promyelocyte | 1,2 0.4 - 1.3 3.7
N, Myelocyte 15,1 4,6 - 1.3 5.7
N. Mefamyelocyte 17.5° 17.0 6.3 6,5 16,2
N, Stab Form ¥ 10,5 42,0 6.3 17,7 18,0
N. Poly 2.9 2.7 6.3 28,1 20.1
Eosiﬁophil Cell 0.8 2.7 - - 8,1
Lymphocyte 18.8 5.0 5 12,4 6.9
Monocyte ) 2.4 ‘1.4 5 1.3 .1.6
 Histiogyte 2.4 - - 0.7 1.2
Plasma Cell 14.8 0.4 - 2.0 0.4
Erythroblést 2.1 3.0 - 3.2 2.8
Normoblast 9,6 21,0 - 23.5 13,4
Myeloid:Erythroid Ratio  4.2:1 2.9:1 - 2.1:1 4.5:1
Total Nucleated Cell Count 33,000 211,000 3,800 - -
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1 September, and pharyngitlis and gingivitis developed about 5 September. He
recovered, but thé date‘ofldischarge from hospital is not known.

Laboratory Date.

. Date , ' Hb RBC . WBC Platelets
3 September 9% _ b.15 1200 . -
8 “ ' , - - 2200 -
13 " . . - - ' 2200 -
13 56%' 3.29 | 1000 70,000
2ob d 58 3.5 4100 -
’17~November 98% 5.23 . 8600 73,000 -

: Differehtial Counté.

19 September: Stabs-1lk; Polyss 35.5; Lymphs. 3&.5; Mon. 13.95; Eos. 2.5

17 November: Stabs-10; Poiys- 403 Lymphs-39;.Mono.-1; Eos.-9; -Baso.-1.

- Examination of bone marrow.
The results of threé biopsies of sternal marrow are presented in Table
12A and sre summarized in Figure 7.

(5) Case B-6016-U Male, Age unknown Less tha 1200 meters
(Hiroshima)

Patient was inonrs'in a Japanese building. He received no injuries
except by gamma‘radiéti@n4>-Epilatién and ‘purpurs commenced 20 August; and -
gingivitis and pharyhgitisadéve;oped,eérly in Sepﬁember, Ultimétely, he re-

covered.

Leboratory Data. -

<+

mBC wie

‘Date  Hb

5 Septemﬁe?‘_ S ’ ~jf ‘ {_70% . 3.66 'i 1800
8 Séptember ‘ 7 : - - 6400
14 September ’ - - 5500
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ETTREC P r\sL ‘
ABLES J2A and 12B

DIFFERENTIAL, COUNTS OF STERVAL MARROW

Q ‘I-‘ablé 1%....};;60;‘_04) _ Table 12B--H=-6010-U
_ . . ‘ b Gepb, U Sept, 17 Nov, 6 Sept. 22 Hov,
© tBlast . 0.6 0.8 || 42 3.0
: Promyelocyte o - 0o6 0.k 6,1 2.5
. N, ¥yelocyte ' . 1.2 | 0ol 6.1 2,0
N. Metamyelocyie' 0.6 15,0 | 08 13.0 13.5
. N, S¢ab Form A 201; ' 32.2 | 6.2 ‘ .39,,5 25,0
‘N, Poly | . 15.8 6.0 1.7 8.5 8.5
Eosfmophil (all) | ha8 | 4,8 8.3 - b5
Lymphocyte s 11,3 Wt |l 2.0 5.0
Monoeyte | | o 2ok 1.3é 4.0 15.8 bo5
. Histiosyte - - - -l 08 o5
) Plasma Cells - 1.2 2.6 1.5
*\QL ° Evythroblast - b2 1.2 | - 1.5
. Normoblast o ome A 22,8 1.3 25,00
i Myeloid:Erythroid Hatio  0.8:1 2.7=1V 1.3:1 - ’1;821
B - Total Muclear Céll‘ Count 2,000 - 73 ,OOO 3,800 -
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The Differential Counts on 5 and 8 September were:

5,Segtember 8 September

Myelocyte 6 } 3
Metamyelocyte 14 ‘ ' 9
Stab Form 14 18
Poly 52 : T 48
Lymphocyte 14 ' 22

Examination of bone marrow,

The results of two biopsies of sternal marrow are presented in Table 12B
and are summarized in Figure 8, .
(6) Case KIU-49 Male, 35 1000 meters (Nagasaki)
~ Patient was standing in a brick factory building but sustained neither
burn nor mechanical injury, Ffom 7 to 21 September he had a pharyngitis,
There was no epilation nor any purpura, Recovery was satisfactory,

Laboratory Data,

Date Hb REC WEC
13 September 45% 2,70 2100
17 September L2% | 2.4L2 : 3000
20 September 62% 3.53 1600 .
23 September 5% 2,64 | ~ . 1800 No other laboratory
‘ data were available,
26 September - 65%- 2.80 2600 ~
29 September 64% ; 2,235 24D0
4 October 66 235 3300

Examination of bone marrow,
The results of fth.biopsies‘of sternal marrow are presented in Table

13 and are summarized in Figure 9,
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Q -  DIFFERENYTAL COUNT OF SYERJAL MARRCH |
. o CASE KLU = 49 y. |
. . 123eh, lhSeph,  ZLSwsk. 5 0ch. |
- "Blast - “ 0.9 - - - 1
< | Promyelocyte , ' .0.9 - | ‘loO 1.0 |
. Yyelocybe | 10,0 13.0 2.0 10,00
- N, Hetauyelocyte | 15,0 25.0 10,0 22,0
N. Stab Form 9.0 22,0 2.0 270
N. Poly | - 3.5 4,40 7.0 5.0
Bosinophile (all) : 8.5 2.0 | - ‘2‘.,0
Lymphocyte 91 200 10.0 5.0
) Monocyte 2,2 2,0 - L0 -
@ Histiooyte o - - 1.0 -
e ‘Plasma Cell S X 40 8.0 4O
Erythroblast . 0 1.0 L0 2.5
| Myeloid:Eryﬂmoid Ratio | ' M
’ Total Nucleated Cell Count 5,000 8,400 31,200 202,000

|

| | ,_ N
B |
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(7) Case H-6025-U  Male 24 1000 meters  (Hiroshima)
'Patient, an army surgeon, was inéide a frame hospital building, He was
knocked down by the blést but sustained no injury, Epilation of the scélp
commenced 21 August, He was hospitalized 25 August, Gingivitis appeared 23
August and by 6 September he had an ulceration of the hard palate, Petechiae
were noted first on 27 August, On 3 October he was Sufficiently recovered
to leave the hospital,

Laboratory Data,

Date Hb RBC WBC Platelets

6 September 45% 2,01 1300 -
11 September - - 3800 -
16 September - - 4800 -

- 21 September 6T 3,18 4000 . 110,000
27 September 57% 3.10 6500 130,000
15 November - 70% 3,00 - 102,000

Differential Counts, Differential counts on several oé¢asions were as follows:

21 Sept, 27 Sept, 15 _Nov,
Stab form - 17,0 . 11.5 4,0
Poly 49.5 63,0 37.0
Lymphocyte - 20,5 4 15.5 ‘ 44,0 v
Monocyte | 9.5 . 60 12,0
'Eosinophil - ~ 3.5 | o300 3.0

Examination of bone marrow.

The results of three sternal marrow biopsies are presented in Table 14

and are summarized in Figure 10,
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TABLE 14

DIFFFRENTIAL COUNT OF STERNAL MARROW

Case H = 6025 = U

Blastf

~ Promyelocyte

No My_élocyte :

- Nokl‘}!!eta.irvelocyte‘
" N. Stab Form
N, Poly
' Fosinophil (all)
- Lymphocyte

Monocyte .

Hiéﬁiocyte
Plasma Cell
Erythroblast

 Myeloid-Erythroid Ratio

Total'Nﬁcleated Cell Count

25,0

4,500
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1571 "

10,6

is 6

'304
6.2
c.8

1.7

6.2 .

8.7

1.5

1,5
3.1

10.5

. 16.8

168
3.6
11.0

1.5

3.6

6 September 2] September 12 November
2.5 |

2,0
3.0
5.0

10,4

27.0
7.0
1.6
9;0A
2.5

0ok

3.5

174’ OOO

101




- CYTOLOGY OF BONE MARROW
General, N ‘
In this section, an ?ttempt w111 be made to describe comprehcensively
the reaction of bone marrow to large doses of gamma radvatlon A detailed

cytological analysis of every case, and of all the variations to be found,

‘wdﬁld be desirable but would result in a study too large for the scope of

this Report, It will be imperative to confine the discussion to a simplé

bresentation of general principies deduced from a study of representative

cases, Necessarily, becausc the smears mede from material obtained by bi-

opsy fail to show the relatidnship of cells, refefence will be made to the
histologic material, In gener;l, the discussion will be confined to'cases
whére,the:e is reason to belieﬁe'that the gamma radiation destroyed practic-
ally 2ll the definitive elemeﬁts of thc bone marrow. This quelification is
desirable if the intimate details of regeneratién are to be studied, for
in'less severely #adiated patients the process.of recovery may be rendcred
very compiex by the presance of cells .that presumébly survived injury in
association with newly formed elements, It would have been most desirable

té base the presentation entirely on material from patients whose only injury
was by gamma rays. Similarly; the study would have beén more valid scientif-
ically if the patienté had not been subject to severe and often overwheln&
ing infections, Since these conditions were obviously impossible of realiza-
tion, and since it was indicated in Table 7, page 17, that the complications
had little apparant influence on theireaction of the marrow, the cases have
been selected for discussion solely because there was good evidence of se- I
vere injury. Névér@heless_it.must be appreciated that infgction, blood loss
and'nufritional'A§ficienoieé niay have affocted to a considerable degree the

processes to be described, An understanding of the'régenerative process in
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the marrow is simplified,ifithe»question of the dosage of gamma radiation i,e,,

the location of the victim~w1th respéct to the center of the explosion, and with

regard to pos;ible shiél&ing'factors is disregarded, It should suffice to say
that all the patients under discussion probably reccived sufficient iadiation
to‘destroy "almost all" the definitive elements of the bone marrow, in fact,
fhis assumption has been the basis of the selection of 1llustrative cases in

this section,

-

The effect of gemma rays on bone marrow,

- It is known from experimentsvwith animais, and from studies of human

béings accidentally or therapeﬁtically exposed, that the bone marrow is one

of the most radio-sensitive tissues of the body, It is also known that the

myelqpoietic; the erythrbpoietic and the thrombopoiefic'sjstems (the defin-
ative clements) are more susceptible to ionizing radiation than are the other
structures of the mafrow,b Thése less sensitive portions include the fibrous
tissues, the vascular tissues, the.fat, and the rcticulo-~-endothelial system,
On the basis of the foregoing it is Ipossitlé to~ postulate three degrees of
response to varying intensities of radiation, as follows:
1, Complete destructién of the definitive elements. and the reticulo-
endothelial system, - {“ o
2. Completé'éésprﬁgpibq[of the definitive eiémgnts, with partial or
complete spgrinngf the’réticulo;endothelial system, After such a dosé‘of
iénizing ?adiati6h, fheﬂéuﬁjecp should have the capability of fégoveriﬁg;
A 3,;‘?artial,destfﬁction;‘of damage, to the definitive elements of the
narrow, ) o - 5» . i o -‘_,“- .

After injury to- the béne-marrow_by radiation the‘gfahulocyteé end the
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platelets in the blood éré found to be decreased in number, It is reason-
able to conclude that the severity of the leukopenia aﬁd the th;ombopenia
should parallel the severity of the damage; These changes develop quite
freqdenfly, as has been shown in Section 6, The effect of the radiaﬁion
on the erythrocyte count is manifested more slowly because of the longer
life span of the individual-cell. By the same sort of reasoning it is
logical to conclude that increasing nmumbers of granulocytes and plateiets in
the blood are indicatiVe of-recovery of the bone marrﬁﬁ, ﬁnfortunately, the
laboratory studies have not been very complefe in ail the cases, but it is
possibie to piece togethef'a genéral interpretation from the details that
are availablet

On page 2 where the objectives of the stud? of the marrow were stated,

the third item was the determination of the rate of disappearance of defini-

tive cells from the marrow, The two earliest sternal biopsy specimens were

obtained from Hiroshima, Both patients had been in the Banker!'s Club, a re-~
inforced concrete Building, located approximately 200 meters from the center

(See Section ilH).‘ The details were as follows:

l (8) Cade H-10615-1 Male . 30, Sternal biopsy was performed
11 August, The whitelcell count.oﬁ that day was 400 per cubic millimeter;
and on 14 August, the day of death, it was 100, On the entire bloqd film
made 11 August, iny 8 leukocytes were seen; 6 polys withrabnormal appear-
ing granules;'and 2 small lymphocytes, Theré were no bldoa platelets, The
differential count of all cells seen in the marrow smear was:

POLyS,esianieinencinns cuiinsd3
Small 1ymphoCytes,..ssueeeoeseed
Histiocytes., ..veeeecernneos.29
Plasma 0ellS,.....vve00000000.19
Unidentifiable cells,.........4
Total 9

38 (7) ' 04




L

(9) Case H-10645-1 Male 31, Sternal biopsy wes performed

between 12-15 pmmgigsy., There were too few cells to count, The forms seen
included a few plasma cells, a few degenerating metamyelocytes and a few small
lymphocytes, A biood £ilm made at about the same time was available for ex-
anination., Three cells were found: 2 polys and 1 small lymphocyte, There
werc no platelets,

The specimens of bone marrow from the earliest autopsies arc discussed
in detail in the section on Pathology. Suitable material from a patient who
died on the 6th day affer the bombing shows complete absence of all granulo-
cytic cells except for a few eosinophils, There were no megakaryocytes; and
only small groups of nucleated reéd cells were present, It would be impossible
to say whether or not the eosinophil and normoblasts were survivors, but this
seems probable, Thé significant feature of this'eérly marrow is the finding
of proliférating reticulum, as well as amall numbers of iymphocytes, plasﬁa
cells and histlocytes,’ |

THE PATTERN OF REGENERATION

The knowledge that the normal blood cells disappeafed quickly and prac-
tically'completely from the marrow of patients exposed to the intensities
of gamﬁa radiation emitted by atomic bombs simplifies the study considerably,
No significant error should result fr&m the assumptibn that at some period of
time, of the order of one to two weeks, practically all the normal definitive
mérrow'elements will have disappeared from the tissues of patients with the
characteristic symptomatology of severe radiation sickness, Even more useful
is the evidence for the correctness of assuming that within the same period
of time the reticulo-endothelial elements of‘the marrow will hafe started.to

multiply, and to produce certain types of cells, With this background it is
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~ possible to proceed'with a description of the types of cells which were found-

in the marrow of patients with syﬁptoms of severe radiation injury with con-
siderablebcertainty that the phenomena obgerved are in fact regenerative,
fhe term "regeherative" is used here in the sense that the phenomena to which
it is applied répresent the formation ;f definitive,marrow cells by some other
process than by a multiplicétion of sﬁrviving members of the definitive
femilies, This is an important distinction to make if the findings in marrow
of irradiatioh subjects is to be interpreted correctly, It is perfectly
proper to recognize fhat both processess regénerafion; and multiplication
of survivihg definitive cells, may coexist‘in(a given'case.

There is nothing particularly ﬁovel oﬁ the one hand, in the hyperplasia

of normal. marrow cells in response to any stimulus, On the other hand, the

opportunity to observe, in many similer cases, the regeneration of marrow

‘which has lost all or nearly all the ordinary definitive elements due to a

'single instantaneous insult, is distinctly unique, Accordingly, the empha-

sis throughout the description that follows will be placed on the patterh
of the regeneration insofar as it can be determined from a study of histo-
logical preparations and smears,
The types of reaction which have been observed can be classified into
several groups. (See table 15) whichvwili“ﬁe éonéidered separately: .
| TABLE 15 | |
Group 1, Proliferation of reticulo-endothelium,

Group 2, Proliferation of reticulo-endothelium plus
: proliferation of certain mononuclear cells:

a) Macrophages
b) Plasma cells
¢) Lymphocytes

Group 3, Metamorphosis'of "reticular marrow" into definitive marrow;
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"Tgble 15-continued,

Group 4. Evolutien_of the newly formed definitive marrow: -
A, The myeloid elements,
a) "Myelocytic marrow"
b) "Metamyelocytic marrow"
¢c) "Shift to the left"
d) "Regular or normal appearing marrow"
e) "Eosinophilic marrow"
B. The erythroid elements
C., The Megakaryocytes

Group 5. Unsatisfactory evolution of the "reticuler marrow.”

a) Inadequate numbers of cells
- b) Abnormal types of cells

Group 1. Proliferation of reticulo-endothelial system: This type of

~ activity has been scen regularly in every marrow specimen obtained during

the first 3-6 weeks after severe injury by 1on121ng radiation. There is no
example where it is the sole process to be seen in the tissues, In every

case which has been examined there have been seﬁe areas in the tissue where
the mononuclear cells (see below Group 2) are found in association with the
proliferating reticulum, Regardless of fﬁis fact, it is possible to de-
scribe and illuetrate the charaeteristics of the process. .In smears of stern-

al marrow the'cells which’are designated és reticulum are large with abun-

dant cytoplasm (See flgures 11 and 12). The cyteplasm is non-granular, and

is palely basoPhlllc w1th a ground-glass texture, or a flocculent appearance.

The nueleus is varlable 1n shape. In ‘the earllest stages it 1s.oval and may

“be sllghtly indented, later (1 e., nmore mature forms) have round nucleus. The

size is also varlable, frcm qulte small (approx1mately the size of the ex-

amples shown in Flgure 11) to 2 or 3 times as large. The structure of the
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nueleus is characteristic: The nuclear membrane is indistinct, The chrom-
éatlon occurs in flne threads, loosely arranged into a delicate network, with
‘a few small and comparatively inconsplcuous micleoli, In fixed tissues the
reticulum is first recognlzable as "swollen" elements 1n the walls of the
sinusoids, or brenchlng or "buddlng" off from the walls either into the
spaces between them and the fat cells, or into the lumen of the 31nu301ds
Early, the cells have a stellate configuration (See figures 13 and 14) (Key
%39*). Later, oee gets the impreseion that these cells "round up" and form
into "free" cells in the tissue spaces, In tissues, the vesicular quelity‘
‘of the nucleus is conspicuous, with one or several small nmucleoli and a fine
:nuclear membrane, Threughout all the tiscues of thie period smell numbers
of multinuclear reticulum cells can be found, In some cases the severel nu-
clei are normal in appearance, 'in ofﬁere they are unecqual, or abnormally
iarge, or otherwise unﬁsual, In general, this type of cell has distinct,
condensed cytoplasm, and has the appearance of a free cell, rather than that
of a componeﬁt ofethe reticuium‘network. The resembiance of these forms to
the so-called Reed-Sterhberg cell is often striking, In other cases they
resemble "young" mcgakaryocytes

With speclal stalns, the abundant cytOplasm contains no granules, and
is lightly bagopnlllc In the maJorlty of the cases: autcp51ed or b10ps1ed
between 12 August and, say 15 September, 1n elther c1ty, there is some evi-
;dence of - prollfe“atlon of the reticulum, It is to be seen oecu:rlng typical-

ily, in the "1slands" between‘the fat cells and the sinusoids, and in close

*Key number refers to autopsy protocol (See Section on Patholegy fer¢
detalls ) : ' '

42 (7) . 108




proximity to small blood vessels, As was mentioned above, the usual situa-

tion was the occurrence in any given case not only of regions of prolifer-

~ ating reticulum, but also regions wherec mononuclear cells arc associated

with it,

Group 2, Proliferation of retieulo-eﬁgpthelium plus the prolifera-

tion of certain mononuclear cells,

This type of reaction in the bone marrow was the most typical finding
in specimens obtained ffom patients with the syndrome of severe radiation
injury in the period, 26 August to 11 September, or approximately‘during the
/th and 5th week after ezposuée'to the gamme rays, Fortunately, it wes also
dufing-this.same period that Japanesc physicians were studying the patients
most intensively, so that many biopsy and autopsy preparations are available
for examination, The time interwval is not only the same one in which the

most striking clinical symptoms occurred (See Section 5), but also the one

-in which the mortality rats due to radiatidn injury, primarily, was the high-

est, The frequency of this type of reaction in the biopsies performed at
this period, and obtained by the Joint Commission was: for Hiroshima, 8 of
35; and for Nagasaki, 17 of 42 cases,* Total counts of nucleated cells in
all the marrow punctates were low (see table 5, page 13), and in cases -
where this pattern was found, the ayeragé value was-léss than 10,000 cells

per cubic miliimeter,

. ¥The numbers of these cases are: H-6001-U; H-6003-U; H-6007-U; H-6008-U;

. H-6012-U; H-6014-U;.H-6030-U (See also 8ection 4,7; third case record);

" and. H+12096-0SK (Hiroshima cases), - KUM 4,5,7,8,10,16,17,43; KIU-2,4,41,
b2y L3, Lhy 45, 46, 47 (Nagasaki cases), R ST

;3 109




Thé combination of proliferation of the reticulo-endothelium and a
variety of mononuclear cells: Macrophages, plasma cells and lymphocytes,
has been descfibed by Rohr, (loc. c¢it,) in cases of agranulocytosis and
aplastic anemia, and haé been designated by him a "reticular marrow", This
situation as it was encountered in the study of the Japanese material dif-

fered in only one respect from the conventional descriptions, namely small fo-

T el of'erythropoiésis were found in many cases; and these were frequently the

only type of definitive cell to be seen in significant numbers, Although in
any one case it was usual to observe varying numbers of each of the four types
of mononuclear cell, it is convégient to describe examples where one variety
or another predominated, ~Such a practice will also permit the presentetion
of illustrations showing the genesis of the several forms,

A, Macrophages: Typical macrophages were a conspicuous feature of all

the "reticular marrows', In some smears from biopsy materisl as many as 51%

of the nucleated cells are macrophages (or histiocytes), a verying number

of which cohtained pigment, The presence of thése phagpcytic cells was es-~
pecially striking ih the autopsy material, and a description of representa-
tive tissues will be found in the section on Pathology, In the tissues the
macrophages frequently were seen to contain erythrocytes; but this was an un-
usual finding in the Smeérs:qfvaépiréted.marrqw;: The typical éppearénce of
these pigméht¥containing éells in»smeaf preparations is seen in Figure 15,

The relatlnnship between the macronhages and the prollferatlng retlculum is

_well 1llustrated in Figure 16 (tissue from Key #34) where there 1s llttle

apparent dlfference between the nuclei of. the retlculo-endothellal cells
and of the erythrocyte-contalnlng macrophageg.

1B; Plasma Cells: All stages and shapes of pl sma cells were a constant
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finding in the marrows obtained et any time, . The largest numbers were ob-
served in the 4th to 5th woek after irradiation, and in differential counts
of sternal marrow percentagaé in excess of 20% were not uncommon (See Case
KUM 7, table 10, page 24), The éﬁerage percentage of plasma cells in the
differential counts for the period 1-14 September was 2.7% in the Hiroshima:
and 11,0% in the Nagéskai material, respectively, In stained films of marroﬁ
the plasmavqells were quite conspicuous . and were very typical in appearance
(figures,l7 and 18), In the histological preparations they were seen quite
generally, and appeared to occur in two situations with about equal frequency
when appropriate material was examined, One situation is illustrated in Figure
19 where the plasma cells can be seen in an "island“ of prbliferating reticu-

lum, in association with that type of cell, and with Iymphocytes, Here it

would be difficult to judge whether the plasma cells were formed there, or

were carried there by the circulation, The other situation is shown in
Figures 20 and 21, (Ke& # 21, died 30 August 1945), In these sections the
plasma cells can be'seen afraﬁged in a row or a string and apparently at-
tached to, if not derivéd from, a band of endothelium which forms quite def-
initely the wall of a sinusoid. (See figure 20,) -In Figure 21, there appears
to be a bifurcation of the endothellum, with the formation on a small is] ‘and,
and 211 the cells a33001ated therew1th are plasma cells of various stages,
This latter. 31tuat10n was commonly observed in many of the tissue sectiongy.
and seems to offer good ev1dence for the autochthonous orlgln of plasma cells
from reticulum in the marrow Thlo ooservatlon is not 1ntended to convey
the mmpre331on that'marrqw retlculum is the only source of plasma cells, or

even the only source in pétients injured-by~gamma-radiatidn. The same type .

of developmént~of plasma~célls, in""sﬁfings" associated with reticulo-endo-

thelium may be seen in the spleen and lymph nodes of these patients,
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C. Lymphocytes: Almost all the samples of "reticular marrow" obtained

in the critical period when the symptoms of radiation sickness were most

‘Pronounced contain large numbers of lymphocytes, An examination of the aver-

age differential counts for the period 1l-14 September reveals that this was
the most numerous single type of cell, (See table 9, page~20), The ave crage
percentage of lymphocytes at that time was 28,6% for Hiroshima, and 40,2%
for Nagssaki cases, respecﬁively. In individual patiehts, values as %lgh as
80% were observed, The majority of lymphocytes seen in marrow obtained by
punctufe were quite ofdinary appeéring amall lymphocytes, However, in many
of the cases a varisble number of large abnormal.lymphocytes were seen, The
number of marrow specimens which weré found to héve significant hnmbors (i.e,
more than 1%) of the abnormal lymphocytes and the time-periods when they
were found is shown in Table 16.J In’summafy, thé incidence of this finding
was 56% for Hiroshima, and 31% for Nagaéaki cases, respectively, In genéral,
these were #ery large cells (See figures 22,23,24) with certain common char-

acteristics, The cytoplasm was abundant, usually flocculent, and basophilic,

~ With the Romanowsky type of stain, it was a grey-lavender in color, and

typically it contained no granules, This las% statement requires a qualifi-
cation: This_abnormal lymphocyte- did not have cytonlasmic gfanules in forms
presumed‘tO'bé.ﬁyoung"; In "older“ cells, as Judged by the nuclear stz ucture,
two chqnges ﬁere.apparent | Tho cytoplasm became darker in color, and azuro-
phile granules appeared 1n it, (See’ flgures 25, ?6 27.) Tne result, de-
pendlng on the 1nten31ty of each process, ‘was a cell whlch resembled in some -
cases the monocytes_of the blood; and 1n-other‘cases neutrophlllc myelo=
cytes, In some prepérations the‘differeﬁtiation'of such'ﬁAnonuclears wés

exceedingly difficult and often quite impOSSiblé. Thévétructure of. the .
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nucleus was generally quite specific and permitted recognition of the cell

as a lymphocyte.. In the youngest types the chromatin was fine, often al-
most reticular in qualify (See;figure 23), In other stages the chromatin
formed rather broad clumps (See figures 22,24,28) and in the later stages

it was even coarser in quality,,although the contrast with parachromatin tond-
ed to decrease, (See figures 25, 26, 27). In the tissues obtained at au-

topsy, lymphocytes were likewise conspicuous, In the less advanced stages

of regeneration lymphocytes were regularly seen in close association with

the proliferating reticulum and the developing plasma cells, as for exacmple
in Figures 19 and 29, (Key # 23, died 31 August 1945,) Another example of

this association which suggests the local genesis of ﬁhe larger lympho-

eytes is discusséd in Section 8 (Key # 29, died 1 September 1945), In both

these cases, large lymphocytes with reticular-type nuclei can be seen in

the "isiands" where the rogenerative activity is concentrated. The appcar-
ance of lymphocytes in asoociation with larger groups of reticulum and plasma
cells is seen in the autopsy case, (See Section 8, Key # 28, died 1 September
1945.) The identification of the large mononucleors as abnormal lymphocytes
in this case is supported by the Giemsa-stained smear - (see figure 28,), A
few examples of the apparent development of "strlngs" of lymphocytes from
bands of endothellum, or by the roundlng up of the: cells in the walls of si~-
nusomds»weve observed ThlS phenomenon was seen sufflclentlyifrequently to -
add support to the 1mpr0351on galnod from other . flndlngs as’ to the auto—
chthonous orlgln from the retlculo-endothellum of some of tho lymphocvtcs '
found'ln-the marrow of. 1rrad1ated patlents Just as in thn case of the piasma
cells this is not to say that the marrow 1s the sole source of these lymph-

ocytes; but the ev1dence is qulte strong that the Jargn abnormal lymphocytes

may devlop there directly from reticulum, In none of the tissues at this
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stage was there observed any indication of the transformation of

~into plasma cells, or vice versa,

TABLE 16

ABNORMAL LYMPHOCYTES IN BONE MARROW BIOPSY SMEARS

lymphocytes

HIROSHIMA NAGASAKT
TOTAL CASES  ABNORMAL TIME TOTAL CASES ABNORMAL
LYMPHOCYTES e LOPHOCYTES
PREGENT PRESENT
22 18 1-14 Sept, 23 - 16
6 1 ' 15-30 Sept, 3 1
9 3 1-15 Oct, 19 3
10 5 16-31 Oct. 59 5
12 6 November - 22 12
- - December ’ 12 6
33 59 Totals - 138 43

D, Nucleated Red Cells: Many of the histological specimens of mar-

row obtained in this early stagé contain small groups of what appear to be
nucleated red cells; In the stained films of marrow from biopsy, the iden-
tification of these cells is.verifiéd.i The average value for micleated red
cclls in biopsies perfbrmed during the first 2 weéks of September (the Lth
& 5th week after the_bombing) was found to be 13,4% ‘for‘Hiroshimé, and 9,9%
for Nagasaki céées;'nQSpectiQely (Sée table 9,‘page 20), The significance
of these erythropoiétic.foéi'ié difficult to determine, lTheir~appearénce

is clearly shown in:Figﬁréé 30 and 31, (Key # 32, died 2 September) and in a

number of examples in the Pathology section: (Key # 29 and # 24, ete.)
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In all these spe01mens'the nucleated red cells are seen to occur in
small groups generally in close association with the prollferatlng reticu-
lum; and in many 1nstances tbey appear to bo_located in the meshwork formed
by these cells, Thefe»doés nob appear to be any consistent pattern with re-
épect to the location Of»théée‘younger-cells in rélation to the sinusoids,

The nuc1e1 were generally pyknotlc, and were often formed into abnormal karya

orrhectic flgures, So far as can be seen in the hlstologlc preparatlons the

cytoplasm appears to.conta;n homoglobln. This 1mpr3331on is supported by
examination of the smear preparations, in which the majority of the nucleated
red cclls may be claséified as polychrome and orthochrome normoblasts, Imma-

ture basophilic erythroblasts arc seen infrequently at this stage, Numerical

evidence for this observation is found in the differential counts of sternal

marrow for the period»l#lA‘September, vhere the ratio of crythroblasts:
normoblasts is as low as 1:8, (Normel values range from 1:6 to 1:4), in the
Négasaki series, The,pfoblém‘that is presented by the findings of these

cells is simply whether4they are: a) normoblasts which have survived the

gamma radiation; or b) cells newly formed during the process of recovery, The

point is principally academic, but is of interest,'for the nucleated red cells
are not an uncommon flndlng at a stage of recov»ry before the reappearance of
myelop01e51s It seems most probable, howovcr, thdt they should properly be

con31dered as surv1vors

- B, Miscel]ancous Mogalokaryocytes were quite scarce 1n the somcalled :

retlcular marrows The mult1nucleated retlculum cell referred to above oftenf,

rresembled them to ‘a marked degrce' and 1t may bo that many of the e typos were‘

in fact youna forms, It 1s a safe genorallzatlon, howevcr, that meaalokdryo-

‘cytes of “the - ordlnary adult type were very rare
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Group 3, Metamorphosis of "reticular marrow" into "definitive marrow",

It has been shown thaf in the merrows depletea by gamma rays there was
an early and comparatively abundant proliferation of the reticulo-endothelium;
The process commenced within.7~14qdays after irradiation and rcsulted in the
formation of what has been described as‘a "reticular ﬁarrow" This pattern
prevailed for a perlod of 2 to 3 weoks, and during this time profound leuko~
penia was regularly observed when the blood was examined, In patients who
survived,.the blood count was found to increase, and ths time at which the
increase began was quite variable, (See Section 6), but generally coumecnced
about 3-4 weeks after the bombing. The changes which occurred in the bone
marrow just prior to and‘coﬁcufrent with the rcappeérance of granulocytic cells
were very interesting. In spccimens obtained at appropriate times it was

possible ;to observe a phénomenon which may be described as the metamorphosis

of "reticular marrow" into,definitive marrow, - In the biopsy material avail-

able for study, which was obtained in the period 1-14 September, this trans-
formation was observed in 10 of 35'cases from Hiroshima and in 15 of 42 cases
from Nagasaki,®* The reaction was seen in cases with scanty proliferation of
the reticulum as well as in those wlth a profuse reaction, - Two distinct pattnrnsi
wvere observed, although in- glvcn cases 1t was usucl to observe both occur¥ing
31mthaneously,. It 1s convenlent howevor, to descrlbe the processes separately,
*The numbérs of these cases. ﬁre. H-6010—U H—6011-U- H-6026-U H-6028_U

H-6029-U; ‘- H-6030-U; H-6031-U H-6032-U; H~6038~U H;ll879-KPB

Sece a1s0°’ H—6024~U H-6043-U H»6063~U° and H—6311—P where - the process was
observed at a later time,

See also:’ AMM 158930-86 and 107 for aubopsy specimens - (leoshlma cases), KUW 18
23, 39,. 42, KIU-l, 3, 5, 6, 7, 8, 19, 21, 45, 46 47 (Navasakl Cases) ,
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a) The commonest patterh was the metamorphosis of reticulum cells in-
to granulocytes. | The reticulum cell which underwent
this development was ueually quite large with abundant, nongranular, deeply_
basophilic cyteplasm, vhich characteristically was paler in the region wudjacent
to the nucleus. The nucleus was often excentric and was usually round, or
somevwhat indented. The chromatin ﬁhreade were moderately fine (but less so than
in the conventional-'blast), snd were arranéed in a distinctly reticular, or
net-like eenner., The nucleoli were small, prominent, and often encircled by a
conspicuous ring of chromatin. A very characteristic example of such a cell
is shown in Figure 12. Other examples will be discussed presently. In histo-
logical preparations, the cell was obviously a free cell, distinctly rouﬁded,
and the nuclear structure was definitely intermediate‘in quality between that
of the reticulum cell, and that of the myelocyte. The process of transforma=
tion was recognized by the appearance in these rounded-up free ‘reticulum cells

of azurophile granules. This was followed by the appearance of neutrophlllc or

‘eosinophilicvspecific granules. It was not until the cell had acquired a con-

siderable amount of grahuletion that the nucleus lost its reticular quality.

The chromatin ultimately became.coarse and condensed, and then resembled

'closely that of the conventional metamyelocvte. The eeries of changes, and

the appearqnce of the cel] tvpes is shown in the series of photomlcrographs

;(Qee figure 12 for the typical reticulum cell ) In figures 32 and 33, )Key ’

#h3, d1ed 7 September, l9h5) 1s shown this same tvpe of celluler change in two
groups of cells stalned w1th Wright-Giemsa from imprint preparations ' Here

in groups of very similar appearing cells, can be seen several - degrees of
azurophil granulation of the cytoplasm., In figure 3&,(Key #22, died 31 Aug- '
ust 1945,) the eame type of differentiating reticulum cell is shown in
tissues stained with Giemsa. ~Imprint preparations ef this marrow, Figures
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35, 36, 37 show grﬁupsrbf'lérge, free reticulum cells, some of which contain
a few fine azurophile granﬁlés; These figures show plearly the contrast be-
twéer the or&inary reticulum cell and the rounaed,'fréé type which appears
to participate in the metamorphoéis; Figure 38 shows another group of cclls
with many gradations from no granules to the presence éf both azurophilic and '
neutrophilic ones, The progréséive maturation of the nuclear structure is
well illustrated in this series, -

b). The other pattern which was observed was the same process of pro-

gressive development‘of_granulation, but in this case the cell which under-

went metamorphosis was an abnormal lymphocyte of the type described and pic-

- tured in a preceding section, The metamorphosis of this large abnormel lym-

phocyte was never seen to be the prihcipal prbcess occurring in any case,
However, it was a frequent flndlng, and the 1dent1flcat10n of the cells in the
early stages of transformatlon was difficult, The principal differcnces betweeﬁ_
the two series were as follows: In the case of the abnormal lymphocytes, the

azurophile granules were fewer and smﬂller, and the cells in which they ap-

.peared seemed to develop a sparse type of neutrophll granulation so that their

appearance was never quite'typical of a granulocyte, The nuclear structure
became coarse even when the: granulatlon was scanty; and "stab-like" forms were
scen in whlch the cytoplasm retalned the luvender qualltles of the abnormal
lymphocytc A number of- examples of thls variety of metamorph051s are ofrered,

bcglnnlng WIth a very oarly example, (See flgure 25) where the flrst falnt,

.(small avurOphlle granule can be seen - in a large abnormal lymphOCJte ‘The

difference- between the nuclcar structure of thls cell ‘and that of the cells
in Flgurer38‘or Flgure 36. 1s‘qu1te apparent‘ In Flgures 27 and 26, the dens—

er qual1ty of the nucleus and the fallure of devclopment of characterlstlc
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'neutrophilia is evident, The grahule-containing cellé in Figure 39 show
again the persistence of the typical cytoplasm of the abrormal lymphocyte.
These cells have more azﬁfophile granules than uéual, but it will be seen
that ‘they tend tovcollect>at the periphery of the cell, Figure 40 is another

comparable example, and is of interest because this specimen was obtained

- much later in October, 10 weeks after the bombing, The same is true of the

specimen in Figure 41 which was collected in December, showing the peréistence
of the abnormal lymphocytes in the marrow, with good évidence that some of
the granulocytopoieéié is occurrihg in this manner, .

As a contrast to these types of metamorphosis of the "reticular marrow",
it will be helpful to present two illustrationé‘of marrow in which the major-
ity of myélopoiesis is occurring in the convehtional manner with !blasts as
the youngest membér of the series to be recognized, Figure 42 is from pa-
tient KIU-49 (See (6) Case, page 32) and was known to have had a “"reticular
marrow" several weeks earlier, Figure 43 is a photomicrcgraph of a biopsy
obtained early in October (Case 278, Nagasaki) which was conspicuous for the
large number of 'blasts that were seen,

It would be difficﬁlt t§ §tate with any degree of certainty how frequent-
ly one or the othef_bf:these~patterns of metamorphosis occurred, Thers is no
reason at all,.éf céﬁﬁéé, toldoubt that in many instancgs the reticulum cell -
may have differeptiéiéd into 'blasts, which‘in_their @urn‘produced—a defini-
tive marrow, The random manner in which biopsies were made hes left many gaps
in the matérial'available qu\study. In spite of such>drawbacks, it seems |
quite certaiﬁ that ﬁh@fe gre'at least three ways in'whiéh ﬁhé:marrow may re-
eover from'ﬁhé sort;cf_injury that was caused by the gamma radiation of the

atomic bomb:
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a) Metamorphosis of reticulum into myelocytes.

b) Metamorphosis~of anbfmal lymphocytes, (which were themselves de-
rived from reticulum) into myelocytes.

c)-Metamorphosis of reticulum into 'blasts which differentlate in
the usual manner. :

It 1s worth repeating for emphasis that all the foregoing processes may
coexist, and that Iin addition to these types of regeneration, 'blasts and

myelocytes which survived the radiation may resume their characteristic

functions.
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Qroug 4, EVOlutiqn of the newly formed definitive marrow,.

The development of the regeneréting marrow is so active aﬁd so variable
that there are no distihct "fixed points" to be seen after the metamorphosis
described above has begun' It is d331rable to v1suallze the processes which
take place from there on as varying greatly from patient to patient with re-

spect not only to the speed and the quality of the recovery, but also with

regard for such complications as blood loss and infection which may also be

present, In spite of_these.qualifications it is possible to .classify the
recovery phemonena into a sefies of types, These should not be thought of
as necessarily:fixed;'but should be regarded as points in a continuum at
which biopsy examination has been made, The classification of the stagesjof
recovery of marrow. and the determination §f the time period during which
they were generally foundrshoﬁld provide a useful guide to the rate of re-
co&ery to be anticipated‘after injury by gamma radiation. "The character-
istics of the marrow patternsiused in this arbitrafy classification are
listed in Table 17, -
TABLE 17
CRITERIA OF TYPES OF REGENERATING MARROW

CRITERIA
a, Myelocytic:- ' ’g_’ Marrowgin which~the-percentage‘of 'blasts, pro-

myelocytes and neutrophilic myelocytes is the
largest portion of all myeloid cells in the dif-
ferential counts,

b, Metamyelocytic: - 7'Marrow ‘in which the percentage of neutrophlllc
~ ' metamJelocytes is the largest of any type of my-
elold cell in the dlfferentlal count
c

. ;LeftaShift: ~ Marrow in which the perccntage of nevtrophlllc
N stab forms is in excess of 25%; g

—
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Table 17-continued:
TYPE . BITFRIA

d. Regular: ‘Merrow in which the relative percentages of cach

type of myeloid cell approximates the normal
values, as listed in Teble 1, with due rcgard for
the range of thage vualues as indiceted ifi Bable 5,

e, Eosinophilic: Marrow in which the percentage of eosinophilic
leukocytes of all stages is in excess of 8%, 1In
the tabulation of types of marrow (see table 18)
the "eosinophilic marrows" are listed without re-
gard to other features,

When the differentiai counts were studied on this basis, it was found
that the marrow biopsy ﬁaterial from Nagasaki displayed a definite trend re-
lating the degree of maturation to the interval of time after exposure to the

atomic bomb, The trend is less definite in the material from Hiroshina,

- These differences appear to be due solely to chance, in the sense that biop-

sies were performed at more favorable intervals in Nagasakl.
4 tabulation of the types of marrow obtained at different times is given
in Table 18, Brief discussions and examples of each sfage will be presented,

g, "Myelocytic Marrow." Four examples of this type of marrow were seen

among the Hiroshima material, 3 early, and 1 late, ** Thcre were 10 examples
among the Nagasaki materlal 2 early in the course of recovery, and 7 later,
during the perlod when hyperplas1a was the rule, that 1s, durlng October A
typical example 1s-shown ;n.@he differentlal count’ of the biopsy obtalned

from Case 3232, 17 October;: ‘(See table 19a*).

 #See also Nagasaki Cases 04, 409, 3016, 3192 KIU—lS, -16 —32, -35-and KUM

87 (%ee table 11, 19 September)

‘**See also leoshlma cases. H-6011—U H—6026—U- H-6031-U; H-6311—
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TYPES OF REGENERATING'MARROW

TABLE 18

Type 1.1, 15-30 1-15  16-31
: Number Sept Sept Oct Oct " Nov Dec
Myelocytic A 3 - - 1 - -
Metamyelocytic | 3 3 - - - - -
Left Shift 31 11 5 7 6 2 -
Regular 19 2 1 2 L 10 -
Total Cases 78 33 11 9 10 15 -
Eosinophilic 3 " - - - 3 -
NAGASAKT
Type 1-14  15-30 1-15 16-31
Number Sept Sept Oct . Oct Nov Dec
Myelocytic 10 - 2 1 1 6 - -
Metamyelocytic . 9 ] 2 2 1 A - -
Left Shift 31 - - 6 15 5 5
 Regular 67 - - 1 35 16 5
' Total Cases 178 ey 6 2% 61 24 15
Eosinophilic 1 1 - 4 7. 2 -
o
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“(10) Case 3232, Méle, Age 62, 1500 meters. (Nagasaki)

Patient wes inside a wooden building and sustained mild injuries
due to flying debris. There was no epilation, but he suffered from gin-
givitis from 9 - 13 September. Weakness and progressive debility were the

prominent features of the course of the illness. No early laboratory data

s

. were avallable.

Examinatlion of the blood.

DATE Hb. RBC WBC PROTEIN
12 Oct. 35% i 2.02 4,650 | 6.5
29 Oct. LO% 2.25 5,100
7 Nov. Le5g " 2.37 >6,680 : 6.7
13 Nov. ' 3% 1.91 5,550 ' 55
Other laborafory data: Reticulocytes, 20 October: 0.4%
.Platelets, 16 October: 131,000 |

Differential Counts:

DATE POLYS LYMPHS MONOS. EOS. BAS.
12 Qct: Th 9 2 14 1
13 Nov. T2 - 19 3 L 2

A typical field from a smear of meeloc&tic nmarrow” is shown. in Figure 39.
The smesr is from a biopsy of KUM 87, obtained 19 September. (See table 11,
(1) Case, Page 27

b. "Metamyelocytic Marrow." There were 3 examples of this pattern

among the Hiroshima material, 2 of which were oﬁtained early in September.
The Nagasaki specimens included 9 of thils type, the majority collected dur-
ing the period 15 September-31 October. A typical example is seen in the
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differential count, (see table 19b) of the marrow obtained from Case
H-6033-U, 7 September,* ‘
(11), Case H-6033-U Female, Age 24. 1800 meters, (Hiroshima,)

Ratient sustained contusions.at the time of the bombing, Epilation did
not occur; but pharyngitisland stomatitis, which became ulceratng appeared
on 31 August, Purpﬁra was observed first on 2 September, The patient had
a protracted febrile course, but ultimately recovercd,

Examination of the Blood,

DATE H. . BEG WBG
6 September 45% 2,46 1,100

Differential Count:

DATE POLYS - LYMPHS STAB FORM NUCLEATED RED CELLS
6 September 12% AR 12% 2%

c. ‘"Left Shift Marrow": 31 examples of this pattern of marrow were
obtained in the material from each city.’ The tendeney was noted for this
type of marrow to develop mainly during October or later, A conspicuous ex-

ample has alrcady been cited, Case H-6025-U, (See table 14 and (7) Case,)

‘where a left shift was found not only in early marrow, obtained & September,

but also in a 1étér\spécimen of 12 November, A biopsy performed on 27 Scp~-
tember, however, was found to have the characteristics of a'"regular marrow",

Another example is Case 31/ (Nagasaki), the differential marrow count for

which is shown in Tablé 19c,

*See also leoshina Cases O-l°161-Obaka and Magasakl CdS’S 3093, 3192, KIU-
17, 18, 23, 25, 30, 31 and 33
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. TABIE A9
@ ' ‘ EXAMPLES O’I’ DIFFERGHTIAL COMNTS OF STHRH/ A%, ?"ARI’C’J'Z 'A
| A B
\- Case No, 3_@_3_@_ , H-6033-u
- ry7 ST OCYTICN. "!:E‘I‘A)AYETLOCYTIE" |
i "Blast - C,9 -
. ] }‘i‘or:nyelbcyte 1.5 1.0
Nyelocyte 15.5 15,5
~ N Meta&yelo:.‘.ytes 13,5 1€ .b
Stab Form 16.5 16,0
: Poly‘. 4 9.5 7,0
Eosinophilef all) 6.5 3.5
Lymphﬁcyté . | , LC' 12,0
fonocyte 1.5 1.5
5 Hia‘biécy‘bta _ G C.5
? Plusig ééll 2.0 345
* Byythroblast 7.4 2.0
Ncrmbblas‘b 28.5 15:5
2 : TOTAL N"UCL&M.’ED
‘ CELL C’OU"IT - 8600
Date 17 Cotober 7 Soptember
N

% Cectober
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(12) case 31k: Male. Age 18. 1600 meters. (Nagasaki)
) 1

Patient was inside a thin sheet-metal building, and sustained moderate

flash burns of face and hands. Epilation occurred about 7 days after the
bombing and pharyngitis: deveioped.early in September. The burns healed
well, but recovery from the radiation injury was protracted.

Examination of Blood:

DATE o Hb | WBC " PROTEIN
2 October | 75% |

10 October - 3% 13,800 7.5
2 November A - 68% 7,850 7.8

Differential Counts:

DATE -STABS POLYS LYMPHS  MONOS. EOS. - BAS
10 October * 29 51 1 6 1
2 November 8 27 L0 9 15 *

d. "Regular Marrows” were observed quite frequently in the material
obtalned from the recovééing patients. It will 5e seen from Table 18 that this
is a late development,-as;would be expected, and that the majority of speci-
mens disélaying‘this pattern were collected éftéf_l6 October, in each city.

As a résult'of grouping the t&pes of marrow as observed on smears'in this mén—

’

ner, several features of the process of regeneration are apparent (See table

-18. ) Flrst 1t 1s not surpriqing to flnd that recovery is correlated w1th 5|

progressive "shift to the rihht" bf the mvelogrdms of patients who survived

‘Second the time relations of the several stﬂgeq of evolution display conqid-

-erable varlation frnm case tn case This varlabillty is ‘8, complex result of

* 1 Metamyelocyte was noted.
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the two major imponderables: .the radiosensitivity of the individual: and
Gi; the actuél dosage of gamma rayé. If the number of'biopsy specimens were great-
’ er it should be ﬁossible by grouping patients ﬁith respect to theif distanqe
e from the bomb, to elucidate this poin£ further, Since this is not feasible,
| there is no reason to pursue this phase of the subject at greatcr length,
N "ﬁosinophilic'Marrow".' Eosinophilia was oﬁserved much more frequently
in the marrow of patients from Nagasaki than in the Hiroshima group, This
- discrepancy is undoubtedly due to chance in the sense that more biopsies were
performed at an appropriate time in the former city. The actual incidence
was 3 of 78 cases fdr Hiroshima, and 14 of 178 cases fdr‘Nagasgki, respective~
‘1y, The distribution of thevlatter cases on a time basié is shown in Table 18,
Figuré 44, shows the appéarance of marrow tissue obtained at autopsy from

s one such case, Shinkozen 4-318 (Nagasakl), Key #194. A brief review of the

Y . clinical record discloses the following:

-

h

(13) Case, 318, Maie, Age 8, 700 meters, (Nagasaki),
- ' Patient was inside a wooden building. and received multiple lacerations
“due to glass fragmenrts as well as severe radiation injury, He was cared for
2 ~ in the Shinkozen Medical Aid Hospital and no carly records of laboratory
studies were found, . Epilation of the scalp had occurred; but no other symptoms
attributable to radiation ihﬁury were noted, He éontracfed 1obar pneumonia
and died 4 October, bThé discrepaﬁcy between the,eééinophilia of the marrow

: and the lack of it in_ﬁhe,periphéral blood is interesting

Examination of Blood.f‘

DATE . W RBG HEG
. 4October . oseg 2,37 0 27,600
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G Differential Count.

DATE STABS POLYS  LYMPHS MONOS
- L October 15 18 - 5 2
The aversge marrow edsinophile percentage in each time period for Naga-
) sakl cases is shown in Table 20. It will be seen that average values show
o trend with the‘maximum in October; but at fhis time the meén is not greaﬁly
. in excess of average normals. The high value for December should‘be ignored
because of the small ;umber of casés. For norméi values refer to Table 1
vhers the averages in two serles of Japanese subjects were 4.2% und 4.3% re-
spectivaly. A further analysis of the Nagaséki patients with "eosinophilic mar-
row' ehuws thet their distribution with respect to distance from the bombd was
quite similar to that of the entire group. (Seejtable 21).
) | . TABLE 20
6;; AVERAGE PERCENTAGE OF ALL EOSINOPHILIC CELLS
R IN MARROW  (NAGASAKT CASES)
Q. MEAN PER CENT ‘ . TOTAL NUMBER
EOSINOPATLES ‘ TIME PERIOD OF CAGES
2.9 1-1k September . he
2.1 15-30 September 6
5.5 . 1-15 chober Y
4.9 } : Novembér' 2L
6.5 .. December - - . | 15

g 4.2- 4,3 Normal
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TABLE 21

DISTANCE FROM BOMB

All Nagasski .Cases with

Marrow Biopsy (Table 3) Meters Casesg with Eosincphilic Marrow
6 | - 0 - 500 1
23 | | 600 - 1000 4
57 1100 - 1500 7
21 ' 1600 - 2000 2
13 | * Beyond 2100 0

The data in Table 21 suggest that the’ eosinophilic group is representutlvp
and that the finding is probably not to be attributed to some extranecus
factor, as say par;éitic in;estation. Some of the Japanese workers
reported that blood and merrow eosinophilia was a favorable prognostic
sign (Appendix UN - 25); but the total number of cases on which this
conclusion was based was teo few to justify it. In atﬁempting to assess
the significence of these changes 1t may be recallgd that blood eosino-
Philia has been described as a typical sequei of roentgentherapy (Minot
and Spurling, 1924, loc. cit.). The méximum values observed by radiologists
is of the order of 25% which is considerably less than the maximum of

68% eosinophils.found in the blood of case #3122, (See Table 22a)

(14) Case 3122, Female, Age 25, 1700 meters, Nagasaki.

Patient was inside a wooden buiidiné and éustained mény lacératicns
due to flying fragments of glass, as well as radiation injury. Epilat;on
appeared early, and purpura and gingivitié 'were evident during the lst
week of September.] Hemorrﬁagic;retinitis associated with amb;yopia;was
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sﬁill to be seen in October. The course of recovery was slow.

Examination of Blood.

20 September | - ‘ - - 2500 -
2 October 2% - 16450 8.5
16 October 3% - 8500 7.8
26 October . | 60% : . 16200 8.4
13 November - b8 - 11050 .7.8

Differential Counts

DATE | POLYS | LYMPHS MONOS EOS. BAS
2,0ct0ber 29 8 6 : 61 1
6 " 14 15 7 64 -
26 " | 11 17 4 68 -
13 Novenmber 43 2b 2 31 -

b. Erythrepoiesis: The manner in which the erythroboietic function

of bone marrow recovers after exposure to injurious doses of gamma radiaztion
is not too clear. It has been demonstrated in the early period after irrad-
iation, while the proliferation ef reticulum is the main ﬁrocess to be seen,
that a certain number»of neeleated red-Cells; chieflv'nOrmoblasts, can be
found. Tt was suogested that these were- probably cells that had survived
amounts of radia+ion which hdd apparently destroyed all, or nearlv all the
myelopoietic t*ssue | A study of the spe01mens with purticular regard for
the metamorphosls of reticulo—endothellum 1nto erythrop01e+1c cells hes A
provided several exambles Of“thls process. The type of reticulnm cell vklch

is involved does not appear to difxer 1n any 1mportant respect from the type

'which differentiates into a granulop01et1c cell. No azurophile granules
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develop however, and the cytdplasm tends to bééome increasingly basophilic,
and in most 1nsten0cs loses the flocculent, or ground-glass texture which is
characterlsﬁ;c, The changes in the nucleus are also distinctive when the
apparént metamorphosis is’in'ihe direction of the red cell seriecs, The
chromatin becomes more densé, and the threads of it become compacted to-
gether, The conspicuous nucleoli of the reticulum cell become less distinct,
and fewer of them can be seen, At about this stage the cell is rcadily iden-
tifiable as a very immature basophilic erythroblast (pronormoblast, proeryth-
roblast), From this stage on, there appears to be nothing abnormal in the
evolution of the adult erythfocytes. An example of this type of carly rcd
cell development is ‘shown in Figure 45,

The specimen is a biopsy, H-11879-KPS, obtained 12 September, Another

_example showing the contrast between the early eorythroblast. and tho cquival-

ent‘cell of the myeloid series; 'is seen in Figure 46, which is also from a
bidﬁsy, H-6016-U, performed 6 September, This patienﬁ is (5) Case, Page 30,
The further developmeut of crythropoiesis is shown in the series, Figures 47,
48, andv49, in the_iast'figure'a nest of polychrome normoblasts of quitec normel
appearance is shown, These‘illustrations'are all taken from a biopsy, ,
H-10335-U, perfor med 24 Septenber CSee table 22¢) There is no way that is
rcadlly ap;arent to dlstlngulsh basophlllc ervtnroblasts vpcently metamor-
phosed from retlculum. from.ordlnary-erythroolasts»whlch'can be praesumed to:
have survived the gamma radlatlon | | | |

Many of the blopsy spcclncns 1mﬁ£uSS thu examiner as rbsembllng foctal
erythr0001els in the: sense that tberu appears to be a larcer proportﬂon of

polyuhrome normoblasts and polychromatoph1110 crythrocytob than is u ual 1n

adult marrow Tho data unfortunately hes not been collecfcd in a manner Whlch
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TABLE 22

- EXAMPLES OF DIFFFRENTIAL COUNTS OF STERNAL MARROW

A ‘ B : C

- | - - 3089 H-10355-U
. | - sz ATTIVE . VERY ACTIVE
‘ :  _"ECSINOPHILIC"  ERYTHROPOIESIS ERYTHROPOIES IS
“i, 'Blast " . 20 -
. fromyelocytev S 247 ' ' 2.0 . ‘ 1.6
z Metamyelooyte _ | 77 | ‘8.5 7.0
.Stab Form | 15.4 24.0 . 25.0
- 'Poli- - | T 4 . 10.5 8.5
Eosinophile-all types 41.8 , 3.0 2.0
Lympho,cygte‘ : . - 2.7 ' 4,0 ‘ 5.0
Monocyte 3 ' : . .05 248 | 1.5
- Histiocyte = - 0.5 0.5/
. ‘Plaswa Cell | 1 - 08,
@ Erythroblast - , 4.0 | ' -, 4.5 - 4.5
Normoblast | 14.5 - os20 41.5
i l'i ‘October 13 October 24‘S_$ptember
,
. 'VV : - e7 (1)
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will permit substantiation of this observation. It has been shown, however,

" in the section on the Bloed (Section 6) that the number of reticulocytes in

peripheral blood was never very great in the recovering subjects. There is

apparently a discrepancy hére between the obvious immatﬁrity of the\erythro~ _
genic marrow and degree of retieculocytosis in the blood. This has been noted
by all who have examined the material, but thers is‘noreasy e%planation of the
findihg.

It was shown in.Table 9 that the myelold: erythroid ratio calculated

from differential counts of sternal marrow was the lowest during the period

16-31 October. Since this period was also the time at which the average value

for the total nucleated cell count in marrow wag the greatest, it is prover to
assume fhat erythropéietic regeneration was maximal at this time, on an average.
The data was reviewed to detormine the inéidence and the time felution of ex-
amples of especially marked regeneration of the erythrogenic function. TFor

¢

this purpose'two categofies were selected arbitrarily:

a) Active Frythropoiesis: Instances where thé total percentage of nu~

cleated red cells was between 30% and ho%,'inclusive.

'b) Very Active Erythropoiesis: Instances where the total percentage of
nucleated red cells was in oxcess of 40%.

The results of the analysis are shown in Teble 23 and typical examples of the

‘differential count of a case in each category is listed in Tables 22B and 22C,

respectively. Brief clinical data on these patients are presented.
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HIROSHIMA

-1k 15-30
Sept. Sept.

2 -

33 11

(15) case 3069.

Patient was inside a wooden factory building, and received very meny

TABLE 23

1-14% 15-30

Sept. Sept.
2l -
10

42

TYPE
1-15 15-30
Oct. Oct. Nov.

2 -4 2 Active
erythro-
poiesis

- - 3 Very ac-
tive ery-
thropoi-
esis

9 10 - 15 All Types

Male. ' Age 22, 550 meters.

6

INCIDENCE OF UNUSUAL DEGREES OF ERYTHROPOIESIS

NAGASAKT
1-15 16-31 Nov. Dec.
Oct. Oct. '
- T5 2
- o 8 -

24 67 2L 15

(Nagasaki)

lacerations of the entire body due to glass fragments. Epilation commenced

19 August; and gigivitis with some purpuric tendency developed early in

September. The course of recovéry was very slow and his general status in No-

vember was still not good.

Exemination of blood:

DATE

26 August

25 Sept.

u6 Oct.

25 Oct,

13 Nov.

Ho " REC
W3 3.u8'
L
R -
: 82%' f, _ )
8 g -
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WEC

2200

3000

19h50

7400

frotein

6.8

7.0
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Differentisl Counts: -

Date ~ POLYS LYMPHS MONOS EOS BAS

6 October T 26 2 1 -
25 oOct. 63 25 8 ., & -
13 Nov. 16 58 8 17 1

Additional Laboratdry Data:

Reticulocytes, 22 October - 0.k4%h

Platelets 23 October - 158,000
This record 1s quite interesting because of the poor reticulocytesig at a
time (mid-October) when thé marrow cohtained ﬁany normoblasts. The re-
currence of leukopenia iérchribus, and not easily explained with the meter-
iel available. See Table 22 B
(16) Case H-10335-U Male. Age 23. 1000 mcters. (Hiroshime) Table 22 C

Patient was sitting,ipside a‘wOoden builéing, but received no injufy except

by radiation. 'Purpura, stomatitis and ulcerative pharyngitis occﬁrred about
1~Séptember; Epilation was not observed uhfil 15 Sepfember. He was hospital-
ized and was thought to have typhoid fever in addition-to the radiation sick-

nesd. He recovered and left the hospital 7 October. (See figures 47, 48, 49)

Examination of_Bldodr,' o

1

 E . - m ~ REC. . WBC RETICULOCYTES
19 September - 3% 1.57 - k500 -
2k September 3% .. . 2.0k 5200 6.9 -

Differential’bouhts:

19 September 2L September .

Metamyelocyte - e .05 _— ' 1.5
Stab Form ST .. 23,5 ST L 713.5
Poly T : - 29.5 - : 64.0
Lymphocyte 1.0 -13.5
Monocyte 13.5 . 7.0
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Differential Counts-continued:

'fm&mmM : 2/, Scptember

Eosinophil - 0.5 -
Basophil - 0.5
1,0

Plasma Cell : -
From this cursory review of the recovery of erythropoiesis it is e&ident

that the same processes operate as in the case of the granuloeytic cells,
There is considerable clinical evidence for defoctive evolution of this func--
tion, as represcnted by cases where the clinica; syndrome of hypoplastic
anemia persisted or gradually became worse, 12-14 weeks after irradiation,

There is, however, no characteristic feature of the marrow specimens from

such cascs, A typical oxample of this late deficiency is Case 10, (Key #190)

(17) Case #10, Male, Age~58. 1300 meters, (Nagasaki).

Patient was standing in the open, and sustained extensive socond,degreé
burns of exposed portions of-the body, as well as of parts covered by clothing,
Epilation commenced at an unspecified time,’but no other symptoms of radiation
injury were recorded., Thé burns werc healed satisfactorily by the 1st of Oc-
tober, but his goneral condition deterioratod sfeadily, A diarrhea cormenced
11 October aﬁd persisted until death, apparéntly from cachexia, on 18 Noven-
ber, | - |

Examination of Blood:

DATE - ®H RBC WBC PROTEIN

5 October 728 2.00 5350 . 5.4

1 November 3  ( 51% 3.10 4550 . . 4.5

18 November - . 18%A; 0.85 1600 = 4o5 \
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Differential Counts:

DATE ‘ POLYS LYMPHS ﬁgﬂggh EGS,
5 October 78 12 7 3
1 November 78 18 2

Reticulocyte Count: i Novemﬁer. 1.8%;

Stool cultures were reported as negative for pathogens, The low power view

“of the marrow (See figure 50) shows a fairly cellular tissue, but more careful
inspection reveals no polys or other adult cell types,

- In the past there has been considerable speculatioh as to which group of
human marrow cells, the red.or the white, is more radiosensitive, The present
data hes been examined carefully with this question in mind, but allowing
: for differences in the tempo of the reactions in each system, it is not pos-
sible to produce a defensible answer.at the'present time, It is anparent
that the granulocytes are destroyed promptly and that at a time when all
these are absent, a few normoblasts remain, It has been suggested that these
latter are survivors, but since they are relatively mature types which would
shortl& develop into the comparativeiy radio-insensitive erythrocytes, it does
not seem proper to appraige the sensitivity o6f the erythropoietic system
on the basis of them The burden of the evidence indicates that the white
cell formlng tlssue recovers sooner than the erythrogenlc structures, There
is no more reason to attrlbute thls to alfferences 1n'rad10-sens3t1v1ty than
there is to- explaln 1t by dlfferencos in rate of growth of the two tlssues
Clinical examples were_obseryed where 1t'eppeared that the‘erythrop01et1c func-
tion had recovereé‘more'oompieﬁe1§ tﬁan the m&elopoietic‘one, and vice versa,

In view of ‘the dmblguous nature of the ev1dence cited, it is well to

reserve judgment, Perhaps, long range observatlon of recovered patients will
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provide a more satisfactory answer,

C. Mégakaryocytesgi The smears of asnirated marrow obtained early in the

course of the syndrbmé éf--radiation injury rarcly contained appreciable num-
bers of megakaryocytes, As a matter of fact, the ordinary technica for béne
marrow biopsy provide indifferent information about the relative numbers of
these large, fixed cells, For this reason, the percentage of megakaryocytes
is not included in the tabulation of the differential cell count, 1In the
tissues obtained at autopsy, these cells ma& be studied more readily, and it
was found that their behavior roughly parélleled the changes in the myelopoi-
etic tissues, There appears to be & fair correlation between the time period
when the platelets were least numerous (see sédtion on Blood) and the period
when the fewest megakaryocytes were seen in the marrow (see section on
Pathology). The development of megakaryocytes from reticulum has been dés—
gribed in variouslbléod dyscrasias. and in experimental animals; ard in-
stances were observed in the irradiated patients which demonstratedvthis proc-

ess, Specific examples are shown in the Pathology section,

Group 5, Unsatisfactory evolution of the '"reticular marrcw".

It is reasonable to anticipate that the marrow will not regenerate in a
satlsfactory manner in some cases, Since'this type of failure should facili-
tats the death of the sub1ect the autopsy materlal has been studied with par-

¥
ticular regara for cv1dence of abnormal patterns of regeneratlon A tentative

-

Cl&“Slflcatlon of. the condltlons of unsuccessful recovery of marrow is as

follows.
1) Failure”of'the reticulo—endoihelium to proliférate, sufficiently,
with the- result that substantlal numberg of deflnltlve cells are producnd

2) Fallure of tho metamorph081s of an "adequato“, or abundant reticular
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‘marrow to occur rapidiy br cbmpletely enough to provide sufficient adult

granulocytes and erythrocytes, -

3) Abnormal‘evolutien‘(or differentiation) of the reticulo-endothelium
with the production of eubstantial'numbers of cclls of other varieties than
adult granulocytes and efythroeytes.

The first two conditions are rether'obvious oventualities and it is nosaible
to interpret many of the biOpey and autopey specimens in such a manncr, The
third condition is the subject of discussion in the present section,

It is evident that:the development from the reticulo-endothelium of cells
other than the highly desirable granulocytes and erythrocytes may vary great-
1y both as. to kind and as to extent, Thus, it mey be expected that cases will
be found where the number of ebnermal cells will be few or many, or where their
site of development will be fecalized or generalized, It has been shown that
in the early period of recovery; after- exposure to the atomic bomb, the pro-
liferation of reticuluﬁ is associated with, and is probably the source of,

plasma cele, macrophages, and abnormal lymphocytes Iater it appears that

the reticulum produces fewer of these cells. and undergoes a metqmorphosis into

a tissue consisting of definitive myelopoietic and erythropoietic cells, It
is reasonable, therefore, td e: pect thﬂt cerialn instances will be found where
the early typo of dlfferentlatlon has per51gted, or has become, or remained
the_domlnanu'act1v1ty, ’11" A ‘: ; |

Plasma cells were seen 1n large numbers ‘in sp801mens obtalned at autopsy"
and biopsy durlng the flrst 3-5 weoks after 1rrad1at10n In some instances,
30% to 4O0% of the nucleated cells in marrow were of this tyne Plasma nells l

are still to be. sean but 1n decrea31ng numbeis 1n all the specimcns ob+d1ned

‘late (i,e, last half of September, October, Novembcr, December) after injury,
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There was no example found during this peridd'where the number of plasma
cells or their distributionvwas such as to suggest that they were prolifer-
ating in an abnormal manner nor was there any cxample of tissue which re-
sembled multiple myeloma, ‘The same can be said in general, for macrophages;
and there were no "late" -cases where‘unuaual numbers of these cells were ob-
served,

In the marrow obtained by puncture biopsy,‘apprecidble mmbers of ab-
normal lymphocytes were found on manj occasions, In Table 16, page 48 it was
shown that the incidence of this type of celi in significant numbers (i,e,
more than 1% of all the cells counted) was 56% for Hiroshimay and 31% for
Nagasaki cases, respecﬁively. It was also shown that these forms could be
found at eny time after the bombiﬁg when the marrow wgs‘examined. In fact, -
about one-half of all the specimens obtained in November in cacia city, and
in December in Nagasaki, contained some abnormal lymphocytes., The signifi-
cance of the persistencg of abnormal lymphocytes 1s difficult to assess,

One point of view may be that since the marrow continues to produce this type
of cell, therefore the process of metamorphosis of the reticulum is incom--

lete, Another view méy be thet the response of the reticulum to infecticn,

etc.,iisvaltered and the abnormal;ly@phoc&te may continue to be one of tie
characteristic produété oft"irritated" reéticulum in such subjeéts. _There is,
however, insufficient data évgilable to estéblish either point of view satis-
factorily. There is,;aiSQ; inadequate data to permit the eétablishment of
limits of "normality" fér‘ﬁﬁevoécﬂrrénce of these célls;~'It hust bé suf-
ficient tp‘stéte.hére that lymphocytes of this type qf¢ seldom encountered

in bone’marybw,ugder,any-conditions,and that the highirate'of occurrence

of them in these specimens is thus of some interest, Since it is not
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- possible to interpret the finding, a group of cases_wi;lﬂbe‘presented

simply to‘demonstrate:theléppearance of such cells late in the course of the

syndrome ofvradiétion injury. .
(iB)gCase 410. Female. Age 33. 1300 meters. (Négasaki)

Patient was inside a wdodén building, and sustained minor flash burns
of the face and arm, as well as minor injuries due to flying debris. Gin-
givitis and pharyngltis occurred late in August, and epilation and purpura
commenced in September. _Aﬁenofrhea persisted fqém the time of the boumbing.
The wounds and burns heaied-satisfactcrily,and she made = élow recovery from_
the effects of the radiation.

BExamination of blood:

DATE EB RBC WBC PROTEIN

5 October 63% 3.10 7050 6.5

19 . 70% 3.00 9850 6.7
7 November i % - 6500 6.7
15 " 82% ) 5400 7.0
16 61% 4.69 7000 -

Figurer 41 is a representative field from a smear of marrow-'obtained by
biopey on 16 December, and shows the presence of the large abnormal lympho-
cyte. There éré‘alsofﬁyelocytééVto7be seen with the deficient type of gran-
ulation asspciatéd-wiﬁﬁ‘thé métamorphosis of abnorﬁal lymphocytes into gran-
ulogytes. | |
(19) Caée HQ1051§-I - Female 19 200 meters (Hiroshima)

Patiént was'insiﬁe-ph‘the first floor of a 3 story concrete bgilding.'

She received minor wounds and radiation injury. Epilution occurred ea?ly in
September. There were no other symptoms, and she‘recovered and appeared well

-~
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in November, 16 weeks after the bombing.

Examination of Blood:

13 August : h8%“ T 235 - " 3400 -
15 " 45% 2,34 1340
16 " B3 2,20 1250
18 LO% 2,15 2480
20 September - - -
19 November : ’78%’ 3.87 4500
Differential Count:
DATE STAB POLYS LYMPHS  MONOS EOS BAS IETS
19 November - 8.0 54,4 27.2 4.0 4.0 4.0 6579

Figure 51 is a2 typical field from a bone marrow biopsy performed 19 November.
The large number of abnormal lymphocytes, as weli as what appear to be cells
transitional between the'reinUlﬁm cell and the lymphoid cell, are shown.

This specimen 1s very inieres#ing, for the patient is éne of the few surviv-

ors of the group who were irradiated in the Banker's Club. (See Section 11 H)

A'striking:example»of the'persistence of abnormal lymphocytes is seen
in Key #50, died 1'>5‘1\Tovémp,er,‘ 1945, This patient, H-6059-U, was inside a
wooden buildiag aé'iOOO;métersg in Hiroshima. He survived a severe illlness
due to radiation’injury, with epilation, purpurs and cropharyngeal ulceration,
and_finaliy diedvffbﬁ bronéhiectasis. Imprint preparations of marrow, mzde
post mortem gontqined‘humeféus abnormal lymphocytes, meny of which can be
geen to be in'therprbcess of developing specific granulation. In Figures

a4
52, 53, 5k, 55 this process is shown and in many instances it is impossible
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tp decide whether the cell is a lymphocyte or a myelocyte. In the photomi-
crograph of the tissue, Figﬁre 56, the intermediate and indeterminate char-
acter of the nuclei of these cells is shown. A sﬁernal biopsy was performed
on this patient 17 October, and although abnofmal lymphocytes are to be seen,
the process which is pictured here was less obvious at that time.

"Other examples of the persistence of appreéiable numbers of abnormal
lymphocytes In marrow are shown in‘Figures 57.and 58, fronm
Case S-9078-K0 of 5 November anﬁ Figure 59, ~ from Case H-6052-U of
29 October.- In contrast to these subjects‘in whose marrow abnormal lympho-

cytes were comspicuous, attention is invited to Figures 60 and 61 from Case

‘H-6729-U of 24 October. The differential count of this smear disclosed that

50% of the nucleated cells were guite ordinary small lymphocytes, of ncrmal
appearance. The only common feature of these six patienﬁs»is their injury by
gemma irradiation. It is apperent that further study is necessary before

the significance of the persistence of the abnormal l&@phocytes can be in-
terpreted justly. .

The féilure of the reticulum which has proliferated to complete its
metamorphosis into a "definitive" merrow may occur in such a way that a marrow
is formed whiéh containsilargeipumbers of these‘cells, and their esrly de-
rivativas, but ;iétle evidence of the @aturatioh of these latter types. The
1néfficiency of such a tissﬁé is dBvious, and'the:failufe of m?éloc&teé which
heve develoﬁéd fréﬁ the:reticulum tB undergé orde;l? mafuration is interest-
ing, - - ‘but 1t may be-presumed thst the desireble situ-
ation would be for ordingry fblasts to form from ﬁhe reticuLﬁm in.suitablé
numberé. These ‘blasts'couldithen, in ﬁurn, prodaqé granulocytes in the nor-
mal manner. Two excellent examples of the fai;gre of the metamorphosis bf
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reticulum into normal myelopoietic tissue are available, and since thé
changes in the histological preparétions are supported by good smears of
marrow, they will be presented here, |

(20) Case 3098, Female; 60,’éoo'meters, Nagasaki,

Patient was outdoors, prone, and unshielded, She sustained severe
2nd degree bﬁrns of the posterior aspect of her body. The burns of the
legs became infected and contractures developed, She had no epilation,
but goticed purpura at an unspecified time,  Her course was unsatisfactory

and progressive cachexia occurred. She died 15 October,

Examination of Blood: Date ~ Hb  Rbe Wbe
5 Sept - - 3200
80ct . 5% 2,17 8550

‘Differential Count:

8 Sept: Stabs - 6; Polys - 37; Lymphs - 39 Monos - 4; Eos - 14

The 'sternal marrow was hyperplastic at autopsy, and proliferation of

reticulum was evident., The majority of the cells to be seen were mono-

nuclears, some of which;were‘lymphocytes, rlasma qells? reticulum cells
and myelocytes, in the smear the identity of the majofity of the cells
was . apparent (See:Figprev6é)”,Typical large, rounded-up reticulum cells
were numérous; aﬁd'maﬁy cohféined‘é vorying amountiof‘ézurophile ‘gran- '

ulation, Some of these alSO had neutrophlllc granu“atlon in sma1l amounts.

These werc considered to be ear1J forms of abnormal mJelocyteu, and those

were the most numerous type of cell, Mbtamyelocytes, stabs, apdfpolys
were scarce.- A number of basophlllc erythréblasts wergAprésént, but
maturation of this’ Sbrl s was aloo defcc+7 ,‘ The gehé§§1:chéracter'of
the cytologlcal processes resembled that seen in tho.*early' stagé in most

of the severely affected patients, The persistence into the 10th week
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of a étage which Ordinarily'occurred in the 3rd to 5th wéek is

extremely interesting,

(21) Case 3121; Male, 65, 900vmeters, Nagasoki -

.Patient was standing outdoors behind a tree-and~recoived no
injury except by radiation, There was no epilation, but gingivitis
and purpura commenced carly in September. He developed gradually
after the bombing a genéralizea.dirty brownish piguentation which
resermbled that seen_aftef rqentgentherapy{ He left the hospital
without permission 9 October and thus was not worked up by the
doctors of the Joint Commission, He returned in a moribund state,

11 Noﬁember, and- died the same day. The only_clinidal information

~obtained was that he had continued to have diarrhes after leaving the

hospital and had become progressively weaker without any definite

complaints,
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Examination of Blood:

DATE | REC. . wBG
27 September 4,16 4400

The sternal marrow was fairly cellular at autopsy, and contained a moderate
amount of erythrépoietic tissue, but the predominant type of cell was a re~
ticulum~like mononuclear Iﬁnrinf prep&ratidn (See figure 635 contained many
typical, large rounded-up retlculum cells, only a portlon of whlch contained
| azurophile granulation. A small number of myelocytes of the type forméd
~ from reticulum were seen;'and metamyelocytes apd stab forms and polys were
very few in number. Plasma cells and 1ymphocytes were nuierous, The general
éppearanCe of this mérrow ob£ained in the 14th week after bombing was similar
to tbat'from severe cases who digd in the 3rd-4ith ﬁeeks.

These two cases (20 and (21) illusﬁrate quite well the persistence of the
proliferation of reticulum which is undergoing metamorphosis into myelocytes,
Howeﬁer, the iatter cell types do not, aprear to be méturing in the usual
manner, and there is very little evidence of the differentiation of the retic-
ulum or its product iﬂto even small amounts of normal marrow tissue, There
is no evidence that can be recognized to explain the reason for the failure of
ordinary myelold tissue to form, nor -is there any 1nd10atlon as to why this
early patturn »of regenératlng marrow contlnued for so long a period,

On the ba51s‘of the mnown-actvon of 1onlang radlaulons on bloTOgicéT matér-
ial, it is reaoonnble to antlclpate that some 1nstances might be found where-
leukemlc, or nre—leukemlc changes coqu be recognlzed in the marrow and the
lymph01d structures. Experlmentally leukemla has been prOducedhln
animals, partlcularly~m1ce, by ex posure to varylng amounts of roentgen
rays, The factors of duratlon of exposurs. -and intensity of radiation necege

sary to vrovoke the development of leukemia are not thoroughly known, It has




been shown, however, by Furth (1) and also by Bbehe\éZ) fhat single large
doses may be as effective in causing leukemia as repeated small exposures,
The ability of the human species to develop 1eukemia as a consequence. of
roentgen irradiation is indicated by the high incidence of the disease in
radiologists. (1), In none of the marrow biopsy specimens obtained in eith-
er city was there any evidence to suggest that leukemia was developing,
The ‘most persistently abnormal marrows from the cytologic standpoint have been
mentioned in preceding sections; but there is no reason to describe any
of them as leukemia or even as pre-leukenmia, =Among‘the autopsy specimens
there were several cases where the proliferation of the reticulum in the mar-
row and in the lymphoid organs was especially pronbhnced.  The marrow of
these caseé displayed little evidence of ofderiy metamorphosis of the retic-
ulum. The casces are descfibed in detail in the section on Pathology,
They are not examples of leukemia, but the poor differentiation of reticulum
which is scen_  bears some resemblance to the processes observed in ifradiated
animals, which have deVelopea leukemia,

One case of "Mbnocytic leukemia" occurred in a medical student who had

recovered from & severe. form of thé syndrome of radiation injury, It is de-
scribed in detail in the Pathology section, Thls patient exper1enced a
perlod of’ good health of some 5—6 weeks duration between the time of recovery
from the effects of severe radlatlon sickness and the onset of the symptoms
of acute leukemia, - Because of reasonable doubt as to the.role of the gamma

radiation in the geheSis of the leukemia, no further comment is appropriate,

(1) Furth, J, "Recent Experimental Studies on Leakemla";»'Physiol,' Rev.
26 47-76 Janvary 1946, . ' .

(2) Boche, Personal communication, Data to be published.
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SUMMARY
Gi) ‘A study 6f the speciﬁens of bone marrow obtéine@ by biopsy and at au-
; topsy revealed the foilowing features of the reaction ‘of human hematopoietic
e tissue to lethal and sublethal doses of ionizing radiation,
| 1. The marrow was seriously affected by thevgamma radiation of the atomic
bomb, The definitive cells.were markedly reduced in mimber or were oentirely
destroyed, The period of maximum depletion of these cells appeared to varf
: from patient to patiént,;but occurred in generél bétﬁeen the 6th and perhaps
the BOth day after exposﬁre.
2, In almost every'patiént who sﬁrvived longer than 6 days after ir-
radiation, there was evidence of the proliferation of the reticulo-endothelium,
3. 4% first, the only products of this proliferation were reticulum cells,
- macrobhages, plasma cells and 1ymphocytes.
G;; L. After a period of time, which varied from 1 to 3 weeks, the retic-
ulum cell underwent a metamorphosis resulting in the develdpment of definitive -
- granulocytogenic and erythrogenic tissue,
5. There was evidence for the transformation into myclocytes of the
h abnormal lymphocytes which déveloped from the reticulo-.endothelium, and.there
-was-reason to believe that these myelocytes could maturate into polymorphonu-
clear leukocytes,
6, . There was evidence for the regoneratiog of_bofh.red and white marrow
from fblasts of the appropriate type which survived the gamma irradistion,
}7;- There aﬁpearéd t§ bp[fhréé;meaﬂé by which marfoﬁ damaged by ionizing
I ’radiafiqn‘regénerated.‘uTﬁeée{aresuﬁmaxizedin_&,VS) and 6)~abov§h"lt'is
very prdbablé.thaf ghy;ér aii}df_thege_métﬁods may be’operatiﬁerinva éiveﬁ

t
case,
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8, As regeneration progressed, there wasva s%eady "shift to the rightﬂ.
of the myeloid tissue, béginning from a very immaturéi"reticular"'or "mycl.om-
cytic" marrow; and endingvin.favorable cases. with onc that closely ébproximat-
ed the normal,

9, The time rﬁqulred for the myelop01 tic tlsuue to recover comnletely
varied among patients, but in most instances, when it occurred, rostitution |
to a normal status was seeﬁ by the 12th to 16th weck after cxposure,

10. The recovery of'the efythroooietic portions of the marrow appéared to
proceed at a slower rate than granu]op01e51s, but each system appearad to reach
a normal state at about the same period of time,

11, The cellularity of.irradiated bone marrow is not certainly known at
all stages, but it was found to be rcduced to less than 10% of norumel in the
3rd to Sﬁh week after exﬁosure, The maximum cellularity of the average re-~
generating marrow Waé about 50% greater than normal and was found during the

10th-12th week after: 1rraa1at10n

12, The tendency of'the marrow to recover promptly after large doses of

gamna irradiation to the whole body is an important fact, The-ébility of the

reticulo~endothelium to narticipate in, and possibly to efféctuate this rc-
covery. af+er 1rrad1at10n is a’ s1an1flcant phy31olo 1ca1 finding,

13, The process of regoncratlon failed or- occurred inan unoatlsfuctory
manner in some patlents In sone instanccs thure was ev1dencu that thu pro-

llferatlng retlculo-endothellum falled to- dlfiernntlate 1nto adequatc numbers of

,deflnltlve cells In other 1nstances young deflnntlve cells developed, ‘but

falled to undergo maturatlon 1nto adult formn In»stlll other’ ;nstances, the
marrow appeared_to contaln nprmally matured cells which'failed to gain accesé

to the circulating blood in adequate numbers,
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Fig. 1 (7)--Pie diagrams of sternal marrow differential count. The class
"reticular” includes monocytes, histiocytes, macrophages, plasma cells,
Where the total count of nuclear marrow cells is known it appears
directly above the "pie"™ concerned. . (Photo File # HM 292.)
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Fig. 11 (7)--Oura, K.I.U.-T, Distance ?. Marrow smear obtained post-
mortem, 10 September, with 3 large reticulum cells, lymphocytes, and
differentiating reticulum cells with azurophile granules. X 1000.

(Photo File # NM 117K.) -
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Fig. 12 (7)=-Oura, K.I.U.-7, Distence ?. Marrow smear obtained post-

mortem, 10 Septémber, showing 2 reticulum cells: The one on the left 7
is the more mature. Differentiation into myelo¢ytés is seen when

nucleus has reaeched this stage of maturation. X 1000. (Photo File

# NM 118K.) o '
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Fig. 13 (7)-- Takeuchi, 29. Male. 1000 meters. Died 4 September 1945.
Rib marrow, showing hypoplasia and moderate congestion of the sinusoids.
The mononuclear cells in the field are nearly all rectculum cells,

plasma cells, or lymphocytes. X 180. Giemsa. Autopsy Key Number 39.

(Photo File # HM 184K; AMM Acession 158930-103.)
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Fig. 14 (7)--Takeuchi, 29. Male. 1000 meters. Died 4 September 1945.

Autopsy Key No. 39. 01l immersion field of section (Fig. 13) of rib

showing the proliferation of reticulum and the collection of lympho-

cytes and plasma cells in "islands" between the fat cells. X 1200. -
Giemsa. (Photo File # HM 187K; AMM Accesslon 158930-103.) ' .
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- Pig. 15 (7)--Autopsy Kéy # 22. Omura, Age 22. Male. 1000 meters.
Died 1 September 1945. Imprint smear of femoral marrow, showing
macrophages (with and without pigment), plasma cells, and young
3 myelocytes. X 1000. (FPhoto File # EM 249K; AMM Accession 158930-91.)
»
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Fig, 16 (T)--Autopsy Key # 34. Pujita. Age 22. Male. Distance ?.
Died 2 September 1945. Section of femoral marroy showing proliferating
rgtigplp-endpthelim and erythrophagocytosis. Notice the similarity
in nuclear structure of the phagocytic cells and the reticulum cells.
‘The relationship of the proliferation to the sinusoids is well ehown.

X 1000, (Photo File # HM 205K; AMM Accession 158930-98 )
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Fig. 17 (7)--Oura, K.I.U.-T, Distance ?. Smear of sternal marrow ob-

" tained post-mortem, 10 September 1945 » showing several types of plasma

cells and reticulum cells. X 1200. (Photo File # NM 120K.)

4
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Fig. 18 (7)--Nichida. Age 33. Male. KUM-8T.
Smear of sternal marrow obtained 1l September.
count: 173,000, Smear shows various types of

‘Distance 1200 meters.
Total nucleated cell
plasma cells (5) and

one reticulum cell. This patient recovered. See Table 11. X 1000.

(Photo File # NM 129K.)
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Fig. 19 (7)--Autopsy Key # 23. Satol, ?. Male. 1000 meters. Died
' Section of femoral marrow showing the proliferation
of reticulum and the development of plasma cells and lymphocytes. in
"islands" between the fat cells.
192K; AMM Accession 158930-87.)

31 August 1945.

v

(Photo File # HM
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-Pig. 20 (7)--Autopsy Key # 21. Iseoka. Age 45. Male. 1000 meters.
Died 30 August 1945. Section of femoral marrow showing plasma cells
arranged in a "string" along the endothelial wall of a capillary or a
sinusoid. Giemsa. X 1200. (Photo File # HM 189K; AMM Accession
158930-85.) o ’

»



of

"

Fig. 21 (7)--Autopsy Key # 21. 1Iseoka. Another fleld of section,
Fig. 20, showing plasma cells in relation to reticulo-endothelium.
Glemsa. X 1200. (Photo File # HM 190K; AMM Accéssion 158930-85.)
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Fig. 22 (7)--Akamatsu. Age 21. Male. 1600 meters. Sternal biopsy,
T September, showing the learge abnormel lymphocytes. The cytoplasm
of some of these 1s developing neutrophilic granulations. X 1500.
(Case No. E-11879-KPS.) (Photo File # HM 160 K.)
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Fig. 23 (7)--Yamashita. Age 17. Female. Distance.?. Sternal biopsy,
21 October, showing large abnormal lymphocytés without granules, also a
reticulum cell. The character of the nucleus of the former type is the
important feature. -X 1500. (Case No. K.I.U.-33.) (Photo File

# NM 113K.) ~ : .
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Fig. 24 (7)--Inoue. Age 46. Femele. Less then 2000 meters. Sternel
biopsy of O September, showing three laerge abnormal lymphocytes. The
ebsence of granules and the flocculent nature of the cytoplasm and the
comparatively coarse chrometin with incomspicuous nucleoll are the
typical features. X 1500. (Case No. K.I.U.-19.) (Photo File

#HM 177K.) o ‘ _
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Fig. 25 (7)--Inoue. Age 46. Female. Another field from biopsy, Fig. 24,
showing a large abnormael lymphocyte with a few azurophile granules. The
coarse chromatin structure of the nucleus, and changing appearance of the
cytoplasm are shown. X 1500. (Case No. K.I.U.-19.) (Photo File # HM 178K.)

»
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Pig. 26 (7)--Eata. Age ?. Male, Less than 1200 meters. BSternal biopsy,
6 September, showing 3 large abnormel lymphocytes. The central one and -
the one on the right have a few azurophile granules in the oytoplesm. The
reticular origin of these cells 1s suggested by the cell on the right.

X 1500, (Cese No. H-6016-U.) (See Case 6, Table 12B, end Fig. 8.) (Photo
File # EM 156K.) '
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Fig. 27 (7)--Hata. Age ?. Male. Less than 1200 meters. Another
field of the sternal biopsy smear, Fig. 26, showing more differentiated
stages of the abnormal lymphocyte, which here resembles a metamyelocyte.
The nuclear structure, however, resembles that seen in Fig. 26. X 1500.
(Case H-6016-U.) (Photo File # HM 15°K.)
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Fig. 28 (7)--Autopsy Key # 28. Kawaura. Age 23. Male. 1000 meters. "
Died 1 September 1945. Smear of vertebral marrow showing reticulum -
cells, abnormal lymphocytes, and the apparent relation of these to ’
each other. There are also plasma cells and small lymphocytes.

X 1000. (Photo File # HM 201K; AMM Accession 158930-92.)
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Fig. 29 (7)--Satoi. Age 7. Male. 1000 meters. (See Fig. 19.)
Another portion of section, Fig. 16, showing large (ebnormal) lympho-
cytes occurring in association with proliferating reticulum in "islends"
between the fat cells. Giemsa. X 1200. (Photo File # HM 193K; AMM
Accession 158930-87.) . . :




Fig. 30 (7)=«-Fujita, Age 22. Bex 7. Distance ?. Died 2 September 1945.
Section of femoral marrow showing small scattered groups of erythropoiesis
as well as proliferated reticulum and occasional lymphocy‘cee end plasma
cells. X 230. (Photo File # HM 207K.)
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Fig. 31 (7)--Fujita. Age 22. Sex ?. Distance 7. (see Fig. 30). 01l
immersion view of a portion of section (Fig. 30) showing the proliferating

‘reticulum, lymphocytes, and small irregularly arranged group of nucleated
‘red cells, most of which appear to be polychrome normoblasts. X 1000.

(Photo File # HM 206K )
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Fig. 32 (7)--Horinouchi. Age 33. Male. 1000 meters. Died 7 September
1945, Smear of sternal marrow showing several types of reticulum cells.
The 3 cells on the left have the same type of nucleus, but more con-
densed cytoplasm containing azurophile granules. These are thought to

be early myelocytes developing directly from reticulum. X 1000. (Photo
File # HM 321K. )
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Fig. 33 (7)--(see Fig. 32). Horinouchi. Age 33. Male. 1000 meters.
Another field from smear shown in Fig. 32. The reticulum cells in thig
smear dre quite distinct, and these are many with azurophile granules
in the cytoplasm, early myelocytes. X 1000. (Photo File # HM 319K.)

.
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Fig. 34 (7)--Autopsy Key # 22. Michihara. Age ?.. Male. 1000 meters.
Died 3 August 1945. Section of vertebral marrow showing relatively
cellular tissue. The nuclear structure of the cells varies from
typically reticular to early myelocytic in type. Giemsa. X 1200.
(Case No. H-6160-U.) (Photo File # HM 181K; AMM Accession 158930-86.)
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Fig. 35 (7)--Autopsy Key # 22. Michihara. Age 7. Male. 1000 meters.
Died 3 August 1945 (s’eef Fig. 34). Imprint smear of vertebral marrow
shown in section in Fig. 34. The photomicrograph shows a series of
intergradations between reticulum cells and more differentiated types
with azurophile granules that resemble myelocytes. X 1500. (Photo
File # HM 170K; AMM Accession 158930-86.)
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Fig. 36 (7)--Autopsy Key 22. Michihara. Age ?. Male. .1000 meters.
Died 3 August 1945 (see Fig. 34). Imprint smear of vertebral marrow
shown in section in Fig. 34. More examples of the metamorphosis of
reticulum cells into myelocytes. X 1500. (Photo File # HM 171K;

AMM Accession 158930-86.) ,
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Fig} 37 (77)--Autopsy Key # 22. Michihara. Age.?. Male. 1000 meters.

(see FPig. 34.) Imprint smear of vertebral marrow shown in section in
Fig. 34. 1In this field plasma cells and reticulum cells and one myelo-
cyte are shown for contrast. X 1500. (Photo File # HM 172K; AMM Ac-
cession 158930-86.) : :
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Fig. 38 (7)--Oura, K.I.U.-T, Distance ?. Sternal marrow smear showing
a group of cells with typically reticular nuclei and verying amounts of
azurophile granulation, and one with none. Plasma cells and small
lymphocytes are also shown. X 1500. (Photo File # NM 119K.)

188



»n

53

a

S e

Fig. 39 (7)--Nichida. Age 33. Male. Less than 1200 meters. Sternal -
biopsy of 19 September (see Fig. 18 for early biopsy) when total )
nucleated cell count was 68,000. The smear shows one large abnormal
lymphocyte and several metamyelocytes of the. sort that develop. from the
former cell. Notice the quality of the cytoplasm in the metamyelocytes
and the persistence of azurophile granules. X 1200. (See also Case (1),
Fig. bc, Teble 2.) (Case No. KUM-87.) (Photo File # NM 131K.)
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Fig. 40 (7)--Dobi. Age 20. Female. 1100 meters. Sternal biopsy,
18 October 1945, showing abnormal lymphocytes » ‘the myelocytes and
metamyelocytes with conspicuous azurophile granules. One.myelocyte
of the type that develops from the abnormal lymphocyte is shown with
two nuclei. The basophilic erythroblast is normal. X 1500. (Case
No. 3058.) (Photo File # NM 13LK.) ‘
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Fig. 41 (7)--Fukabori. Age 33. Female. 1300 meters. Sternal biopsy, _ .
16 December 1945, showing the persistence of the abnormal lymphocytes ’ :
and plasma cells. (Photo File # NM 122K.) '
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Fig. 42 (7)--Yamaguti. Age 35. Male. Distance %. Sternal biopsy,
5 October, at which time the total nuclear cell count was 202,000.

The smear shows a normal 'blast and quite normal stages of granulocyte
development. This patient had a reticular marrow 4 weeks before.
(Case No. K.I.U.-49, See also Fig. 9 and Table 13.) (Photo File

# NM 128K.) .
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Fig. 43 (7) --Nakezima. Age 16. Male. 1300 meters. 'Sterzllal biopsy,
16 October, showing active regeneration with normel appearing 'blasts

and granulocytes. The red cell series also appears normal. X 1500.

(Case No. 278.) (Fhoto File # NM 136K.) .
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Fig. 44 (7)--Pukebori, Age 8. Female. 700 meters. Died 4 October

1945,
eosinophlilic granulocytes of all stages

AMM Accessi~n 158930-194.) A :

Sterrial marrow showing proliferating reticulum and

X 550. (FPhoto File # HM 150K;

"
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-Fig. L5 (7)--Akamatsu. Age 21. Male. 1600 meters. Sternal biopsy,’
12 September (see Fig. 22) showing very early forms of erythroblasts,
~whose nuclei bear a close resemblance to those of reticulum cells.

X 1500, (Case No. H-11879-KPS.) (Photo File # HM 159K.) .
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FPig. 46 (7)--Hata. Age ?. Male. Less than 1200 meters. Sternal biopsy,
6 September (see Figs. 26, 27), showing young erythroblasts whose nuclei
retain the appearance of reticulum. Notice the cell with azurophile

granules, but with other features resembling the erythroblaats. Case
No. H-6016-U (Case 5, Table 12b, and Fig. 8).] (Photo File # EM 158K.)
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Fig. 47 (7)--Ishii. Age 23. Male. 1000 meters. Sternal biopsy,

24 September 1945, showing a group of erythropoietic cells. The baso-
" philic erythroblasts (or pronormoblasts) have a normal appearance as

do the more mature stages. X 1500. (Case No. H-10335-U.) (See also
Table 22c.) (Photo File # HM 162K.)
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Fig. 48 (7)--Ishii (see Fig. 27). Age 23. Male. 1000 meters. Another
field, sternal biopsy, 24 September 1945. Mitosis in normal appearing
basophilic erythroblasts. X 1500. (Case No. H-10335-U.) (Photo File
# EM 163K.)
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Fig. 49 (7)--Ishii. Age 23. Male. 1000 meters. Another field, sternal
biopsy, 24 September 1945, showing more matured forms of nucleated red cells
than those in Figs. 47 and 48. Some of the polychrome normoblasts are un-

usually large, but the nucleus is of the ordinary heteroplastic type.'vX 1500.

(Photo File # HM 161K.)
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Fig. 50 (T)--Kinoshita. Age 58. Male. 1300 meters. Died 18 November 1945.
Rib marrow showing scanty cellularity generally. There are very few polys,
and the majority of cells are large mononuclears. Notice the diffuse dis-
tribution of the erythropoietic elements. X 190. (Omura Naval Hospital
Case No. 10.) (Photo File # NM 157K; AMM Accession 158930-190.)

200

i

T
=




o

"

Fig. 51 (7)--Kazuko. Age 19. Female. 200 meters. Sternal biopsy,
19 November, showing the unusual number of abnormal lymphocytes. The
granulocytic cells appear normal. X 1500. (Case H-10616-I.) (Photo
File # HM 169K.) ’ S
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Fig. 52 (7’)—-Ki:jima ) 31. Male. 1000 meters. Died 15 November 1945.
Autopsy Key # 50. Imprint smear of sternal marrow showing 3 cells
resembling atypical (abnormal) lymphocytes, a myelocyte, 2 stab forms,

and a metamyelocyte. X 1500. (Photo File # HM 309K; AMM Accession
158930-66.) | :
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| Fig. 53 (7)--Ki.1ima._ Age 31. Male. Autopsy Key # 50. 1000 metors.
Another field (see Fig. 52) showing 2 cells with nucleus and cytoplasn
closely resembling that of the abnormal lymphocytes in Flg. 52, but
with definite neutrophil granulation arocund end over the nucleus.  The
~ other 3 myelocytes have more general granulation. X 1500, (Photo File
. # EM 312K; AMM Accession 158930-66.). :
|
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Fig. 54 (7)--Autopsy Key # 50. Kijima. Age 31. Male. 1000 meters. 2
Another field, same smear as Fig. 52, showing more of the lymphocyte- '
like forms with neutrophil granules. All the cells except the central f
one are reedily recognized as myelocytes. X 1500. (Photo File # HM 311K;
AMM Accession 158930-66.)
p
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Fig. 55 (7)--Kijima. Autopsy Key # 50. Age 31. Male. 1000 meters.
(See Fig. 52.) Imprint smear from another bone, same case as Figs. 52,
53, 54, showing myelocytes with the peculiar granules as well as abnormal
lymphocytes and reticulum cells: X 1500. (Photo File # HM 313K; ~ AMM
Accession 158930-66.) :
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Fig. 56 (7)--Kijima.

Autopsy Key # 50. Age 31. Male. 1000 meters.
(See Fig. 52.) Section of vertebral marrow showing the mononuclear
cells, some with granular cytoplasm, myelocytes, and others without.
The appearance of the nucleus in many, with the single large nucleolus
resembles that of young lymphocytes. Compare with Figs. 52, 53, 54,
and 55. Giemsa, X 1200. (Photo File # HM 318K; AMM Accession ‘
158930-66.) _ :
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Fig. 57 (7)--Kobuke. Age 19. Female. 1300 meters. Sternal biopsy,
5 November 1945, showing several types of abnormal lymphocyte and an )
- ‘ordinary normoblast. X 1500. (Case S-9078-Ko.) (Photo File # HM 165K.)
L
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Fig. 58 (7)--Kobuke. Age 19. Female. 1300 meters. (See Fig. 57.)
Another field from smear, Fig. 57, showing more abnormal lymphocytes
and two cells which suggest an affinity with reticulum cells. X 1500.
(Case S~9078-Ko.) (Photo File # HM 166K.)
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Fig. 59 (7)-~Yoshioke. Age 18. Male. 1500 meters. Sternal biopsy,
29 October 1945, showing abnormal lymphocytes, small lymphocytes, and

one very basophilic type, believed to be a plasma cell.

(Case No. H-6052-U.) (Photo File # HM 16LK.)

X 1500. .
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Fig. 60 (7)--Fujii. Age 28. Male. 500 meters. Sternal biopsy, . k
2l October 1945, showing ordinary smell lymphocytes and a few ab- :
normal types with large azurophile granules. X 1500. (Case H-6729-U.)
(Photo File # HM 168K.) ' o
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Fig. 61 (7)--Fujii. Age 28. Male. 500 meters. (See Fig. 6.) Another
field, same smear as Fig. 61, showing a blast-like cell with peculiarly
large granules and a pair of abnormal lymphocytes. X 1500. (Case No.
H-6729-U.) (Photo File # HM 167K.)
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Fig. 62 (7)--Akiyama, Age 60. Female. U450 meters. Died 15 October
1945, Smear of sternal marrow showing many reticulum cells, some of
which contain azurophile granules and resemble early myelocytes.

X 1200. (Omura Naval Hospital Case No. 3098.) . (Photo File # NM 153K;
AMM Accession 158930-188.) ‘ ! '
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Fig, 63 (7)==Kisematsu, Age 65,
1945, Bmear of sternal marrow
lymphoeytes, and plasms cells,
No. 3121.) (Phete Mile # WM 10

Male. 800 metars.
showing reticulum eel
X 1200, (Omura iava
9K} AMM Aceession 158

Died 11 Nevembewr
ls, myelesytes,

1 Hespital Case
930-188, )
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